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1 Introduction

This email discussion aims to progress on the proposals related to UE assistance that could help to reduce UE's power consumption taken into consideration companies contributions submitted to RAN2#105bis meeting.

[105bis#28][NR/Power Savings] – UE assistance (Intel)

Capture a list of proposed UE assistance information and need for the UE assistance information 

Intended outcome: Set of acceptable proposals and TP

Deadline: Thursday 2019-05-02

2 Discussion

This section discusses the different UE related assistance information proposed by companies in RAN2#105 meeting [1]-[26]. The proposed information is group in different categories to help with the discussion/progress, as enhancements related to (1) mobility, (2) RRC state transitions out of RRC_CONNECTED (into RRC_IDLE and/or RRC_INACTIVE), (3) UE's power consumption, (4) serving cell and (5) SCell configuration. 

Your companies' view is appreciated justifying, if possible, your preference and providing additional details, e.g. when the proposed enhancement may not be clear from the contribution, and/or could have a given specific way to enable it (e.g. using RRC, vs MAC CE, vs L1). When applicable, indicate also whether input from other WG may be desirable (e.g. RAN1 or RAN4).

2.1 Mobility related UE assistance information

The UE assistance information related to mobility includes:

(1) Mobility history information similarly as LTE via mobilityState, and MobilityHistoryReport (TS 36.331 reference shown below) [16]

 REF _Ref6232450 \r \h [18]

 REF _Ref6232461 \r \h [2].


mobilityState-r13


ENUMERATED {normal, medium, high, spare}
OPTIONAL,

MobilityHistoryReport-r12 ::=
VisitedCellInfoList-r12

VisitedCellInfoList-r12 ::=
SEQUENCE (SIZE (1..maxCellHistory-r12)) OF VisitedCellInfo-r12

VisitedCellInfo-r12 ::=



SEQUENCE {


visitedCellId-r12




CHOICE {



cellGlobalId-r12





CellGlobalIdEUTRA,



pci-arfcn-r12






SEQUENCE {




physCellId-r12






PhysCellId,




carrierFreq-r12






ARFCN-ValueEUTRA-r9


}


}















OPTIONAL,


timeSpent-r12





INTEGER (0..4095),


...

}

(2) Information of cells not reselected due to the ping-pong effect [18].

Please provide your companies view's on the table below indicating which number (#) of the UE assistance information listed above should be supported in your understanding for Rel-16 NR to help reducing UE's power consumption adding the corresponding justification and details.

Table 1. Company's view on the mobility related UE assistance information (1) and (2)

	Company's name
	Info. (#) to support
	Company's additional inputs

	LG
	· None
	· This is out of scope in that those are to enhance mobility performance. It should be discussed in Mobility enhancement WI if needed.

	Kyocera
	· 1
	· We think the “stationary mobility state” (or “low mobility state”), which is suggested in [18], would be beneficial as an enhancement on top of LTE baseline. 

	vivo
	· 1 and 2
	· We think mobility state and history information can be helpful for the network to determine the UE state, which is beneficial to enable or disable the power saving operation. 
· In addition, for some solutions of power saving, e.g. RRM relaxation, it is better to restrict the scenario of stationary or very low mobility. Thus, one more state, i.e. stationary or very low mobility state, suggested in [18], can be considered. 

	Huawei, HiSilicon
	· None
	· The intention is for power saving in RRM measurement reduction. We think a proper relaxation criteria considering mobility can be defined without introducing assistance on mobility state.

	DOCOMO
	· (1), (2)
	· The mobility related UE assistance information as limited in (1) and (2) is beneficial for network to configure appropriate RRM measurement, cell selection settings to achieve the good tradeoff between the performance and UE power saving.

	Qualcomm
	· 1
	· We think two type of mobility related information can be useful for reducing UE power consumption:

· 1. UE currently is stationary. NW can use that information to relax UE’s RRM configuration;

· 2. Mobility history report can help NW better configure UE’s neighboring cell measurements.

	Apple
	· 1
	· It can help NW to provide the configuration for measurement relaxation.

	OPPO
	· None
	· We think it’s out of scope of this WI.

	SONY
	· 1, (2?)
	· RRM measurements can potentially be relaxed in low mobility states.  

	Spreadtrum
	· 1
	· Mobility history information is beneficial for the network to configure appropriate measurement and DRX parameters.

	Samsung
	· 1
	· The assistance information already defined in LTE might cause no extra (or minimal) implementation effort. We think 1 could be useful for some NW implementation and propose to have it in NR as well.

	CATT
	· None
	· MobilityHistoryReport in LTE was introduced for the network to estimate UE mobility state when UE transits from RRC_IDLE to RRC_CONNECTED. Optimizations when UE transits from RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED are out of our study scope. We don’t need to consider UE assistance information for this scenario. As for RRC_CONNECTED, the network can have UE mobility history without UE reporting.

	ITRI
	· 1
	· We think the mobility state of UE is a useful information, when consider whether enables or disables the power saving operation. In addition, the “stationary mobility state” suggested in [18] should also be considered.

	Intel
	· (1), (2)
	· The network may configure a UE with more optimum settings if it has UE's information on its mobility state, mobility history information of the last visited cells, as well as, those cells that UE did not reselect due to the ping-pong effect (as TS 38.304 currently states that "UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria")

	InterDigital
	· None
	· Mobility-related information should not be in scope.

	ZTE
	· None
	· This is related to power consumption reduction in RRM. Since RAN2 haven’t made decision on the power relaxation solution for RRM, we suggest to discuss this later until the detailed relaxation solution is clear. 

	Xiaomi
	· None
	· It is not in the scope of this WI.

	Ericsson
	· Not here
	· We think this topic is and should be discussed under “Study on RAN-centric Data Collection and Utilization for LTE and NR” (RP-182105), e.g. objective:
· Identify necessary standard impact on data collection and utilization for the defined use cases and scenarios, 
· Definition: Identify relevant measurement quantities, events and faults for collection and utilization. On top of existing RRM measurements and LTE L2 measurements, identify metrics to be newly introduced or to be refined, including [RAN2]:

1. RRM measurement quantities, RLF and access failure information, etc from consenting UEs,

2. L2 measurement quantities.
3. L1 measurement quantities (e.g. Timing Advance in RAR)
4. Sensor data for UE orientation/altitude to log in addition to location (e.g., digital compass, gyroscope,barometer)

	Fujitsu
	· FFS
	· Agree with LGE. We are not sure the benefit of mobility related information for the power saving.

	NEC
	· 1
	· (1) may give some help for the network to configure an optimum measurement configuration, e.g. less number of frequencies or cells to be measured for lower mobility (or stationary, if added) UE.
· (2) should be discussed, if necessary, in mobility enhancement discussions.

	Nokia, Nokia Shanghai Bell
	· (1)
	· The mobility related UE assistance information is beneficial for network for configuring proper RRC/RRM configuration and also in RRC state handling.  

	MediaTek
	· None
	· Using long-term mobility history can have an adverse effect on connected mode RRM performance. When a stationary UE starts moving, it will experience higher handover failures over the period it takes for the (long-term) statistics to reflect its current condition. We prefer RRM mechanisms for power savings that are based on the current UE’s condition rather than past history.

	
	· 
	· 


2.2 RRC state transition out of RRC_CONNECTED related UE assistance information

The UE assistance information related to the RRC state transition out of RRC_CONNECTED includes:

(3) UE's preference to transition into RRC_IDLE [4]

 REF _Ref6232528 \r \h [8]

 REF _Ref6232565 \r \h [11]

 REF _Ref6232574 \r \h [13]

 REF _Ref6232584 \r \h [17]

 REF _Ref6232606 \r \h [24][25].

(4) UE's preference to transition into RRC_INACTIVE [4]

 REF _Ref6232528 \r \h [8]

 REF _Ref6232565 \r \h [11]

 REF _Ref6232574 \r \h [13]

 REF _Ref6232584 \r \h [17]

 REF _Ref6232606 \r \h  \* MERGEFORMAT [24]

 REF _Ref6232746 \r \h  \* MERGEFORMAT [25].

(5) Release assistance information (RAI) similar as defined LTE (TS 36.321 reference shown below) [1]

 REF _Ref6232552 \r \h [4]

 REF _Ref6232574 \r \h [13].

For NB-IoT or BL UEs:

· if rai-Activation is configured, and a buffer size of zero bytes has been triggered for the BSR, and the UE may have more data to send or receive in the near future:

· cancel any pending BSR.

(6) UE's reason to request the release e.g. no active data, or data coming from other network [4]

 REF _Ref6232746 \r \h [25].

(7) UE's preference to transition out of RRC_CONNECTED or release the RRC connection [17]

 REF _Ref6232565 \r \h [11]

 REF _Ref6232552 \r \h [4].
(24) UE’s preference for length of data inactivity timer.
Please provide your companies view's on the table below indicating which number (#) of the UE assistance information listed above should be supported in your understanding for Rel-16 NR to help reducing UE's power consumption adding the corresponding justification and details.

Table 2. Company's view on the RRC state transition related UE assistance information (3) to (7)

	Company's name
	Info. (#) to support
	Company's additional inputs

	LG
	· 3 or 4 or 6 or 7
	· We can further discuss (3), (4), (6) and (7) as UE assistance information for quick transition to IDLE/INACTIVE.

	Kyocera
	· 3, 4, 6
	· We think an RRC message should be used for the RAI with additional information (i.e., 3, 4 and 6) for flexibility and future proofing in terms of various device types supporting NR, even though the legacy “BSR = 0” MAC CE was quite simple and optimized for ultra-low complexity devices (i.e., NB-IoT and eMTC UEs). 
· We’re wondering when the RAI is sent; i.e., it seems obvious one possibility is on (or just after) the last packet of data transfer as it is in legacy, but it could be also considered to allow the UE to send it even during the data transfer (i.e., before the termination of data) because the subsequent “RAI ( RRC Release procedure potentially cause the remaining “time-to-Release” delay. 

	vivo
	· 3 and 4 
· or 7
	· We think all the above solutions can be used for efficient RRC state transition. But the simplest way is to just indicate the network UE preference on state transition, i.e. option 3 and option 4. From the network side, whether to release the UE to idle or suspend to inactive can be up to UE mobility state, traffic characteristics, etc. It can be left to network decision to idle or inactive mode. Thus, option 7 can be also considered. 

	Huawei, HiSilicon
	· 3 and 4

· 5 in condition
	· In general we think it is useful to indicate the gNB the UE preference to transition into RRC_IDLE or RRC Inactive.
· For 5, we think it is detail design for how to indicate. We are open to discuss using MAC singling to indicate the preference. But it is too early to decide to use the existing RAI. Note that existing RAI can only be triggered as padding BSR and can only indicate 1 state via BSR=0. Thus even we want to use MAC to indicate the preference, update to the existing RAI is needed.
· For 6, we think the intention is similar to 3 and 4. We prefer to indicate clear preference in 3 and 4 instead of reason in 6.

	DOCOMO
	· (5), (6)
	· Seems there are some similarities between (3), (4) and (7). We need to clarify the benefits for such UE’s preference indication in terms of RRC state transition. From NW perspective, it is preferred that UE can provide some assistance information to help NW to make the decision on RRC state transition.  

	Qualcomm
	· 3, 4, 5, 24
	· We think LTE’s RAI’s behavior is well understood and is simple to implement. So it should be considered for reuse in NR. 

· We think it is beneficial for UE to indicate the length of data inactivity timer to NW, as in some applications UE may have better idea than NW how soon a connection can be terminated. For example, for data connections without human interaction, traffic pattern tends to be more predictable and hence a shorter data inactivity timer can be used to save power.

· We are also open to enhancements that allow UE to indicate which RRC state it prefers to transition to.

	Apple
	· 3, 4
	· Currently the safe NW implementation is to keep UE in connected mode for a long time even though there is no data transmission in order to avoid frequent RRC state transition, since NW lack of UE’s application traffic information, radio/SIM information (e.g. dual SIMs), and the UE type (e.g. wearable device). Then UE’s suggestion on RRC station transition is very helpful for effective state transition. 
· The assistance information should help NW to separate the IDLE and INACTIVE state. For example, if UE has no data for transmission any more, UE may prefer to enter IDLE state; if UE still has active service but the interval is very long, UE may prefer to enter INACTIVE state; if SR-DSDS UE has to go to another SIM for service request/transmission, UE should enter INACTIVE state. 

· It’s the simple way for UE to suggest the RRC state directly, since UE can take all the internal information (e.g. traffic, SIMs) into account to provide the suggestion.

	OPPO
	· (3) or (4)
· (5) 
	· We think LTE RAI can be reused in NR for power saving purpose.
· For (3)(4), not sure we need to support both, since otherwise we need to define criteria to select between these two options. Actually, from UE perspective, it’s always preferable to go to Inactive than to Idle, so UE would always report preference to Inactive. However, it’s up to network to decide whether to release the UE, or release the UE to which state. So, if in the end we need to support such assistance, we prefer not to differentiate which state the UE what to go.

	SONY
	· 3, 4, (5)
	· 

	Spreadtrum
	· 3 and 4
	· It is high efficient to permit UE to request release RRC connection or request transition to Inactive as UE has more knowledge about traffic pattern and expected traffic volume.

	Samsung
	· 3, 4 and 6
	· It is a simple way to allow UE to send a RRC message including release assistance indication.
· Regarding 6, if gNB does not know why UE request for state transition, it may just ignore the request.

	CATT
	· 7
	· It is up to the network decision whether to transit a UE to RRC_IDLE or RRC_INACTIVE. Hence, we think it is enough for UE to send its preference to transition out of RRC_CONNECTED or release the RRC connection.

	ITRI
	· 5, 6
	· We share the same view as DOCOMO. UE should only provide the assistance information to assist network to make the RRC state transition decision.

	Intel
	· (6) (7)
	· It is important for UE if network knows its preference to transition out of RRC_CONNECTED, as explain on (6) and potentially even providing details on the actual reason/motivation, as explained on (6). We are also OK to consider (3) and (4) but we do not see them as critical kind of information to convey as it could be seen as an additional information to convey on top of option (7).

	InterDigital
	· (5) (6)
	· Same view as DoCoMo

	ZTE
	· Only 7
	· In our understanding, (7) will be sufficient for efficient state transition from connected mode to idle or inactive mode.
· For (3)/(4), even if UE indicates its preference to transition to idle or inactive, it should still up network to decide whether to release UE to idle or inactive based on the payload and congestion in the network side. Thus, there is not much meaning in indicating the preference from UE side.
· For (5), this is an other issue about how to signal the assistance information. And we are now discussing what kind of information is included as the assistance information.
· For (6), we do not think such reason is really helpful in the network side. And it is not clear how network will handle different reasons when making the decision to release UE or not. A clear indication as (7) will be sufficient.

	Xiaomi
	· None
	5/6/14 are kind of similar when relating to predict the traffic arrival activity. Our concern is that such kind of UE assisted information might not be accurate enough and may mislead the network which was reflected in our treated contribution of last meeting.

While for 3/4/7 relating to UE's preference to transition into different RRC state, we think it is better for the network to make the decision.

	Ericsson
	· 3, 4, 5, 6, 7
	· In our understanding 3, 4, 5, 6, 7 overlap or discuss different aspects of the same topic. 
· We see quick RRC release as an essential power saving feature, i.e. UE should go to Idle/Inactive asap when it is done, i.e. connected mode is power consuming, and UE assistance can surely assist the gNB to release the UE more quickly.
· We are fine if the UE indicates a preference to go to Idle or Inactive, i.e. there might be pros and cons. NW may configure shorter DRX cycle in Inactive, but it signalling wise it is more efficient to keep UEs that trigger frequent connection setups in Inactive. 

· In our view we should discuss the RAI info and the signalling method separately:

· RAI info: perhaps in NB-IoT with its specific use cases of small date, the UE could predict/indicate (1 UL, 1 UL+1DL, 1 DL, etc). But we think that this is too complex, i.e. not possible in NR, i.e. 1 bit indicating that the UE does not expect any more UL/DL data in the near future is sufficient/feasible, i.e. from the UE perspective it is “done” and would like to go out of connected.

· Signalling method:  we do not have strong/clear view right now, i.e. we can re-use the BSR method from NB-IoT. The essential issue is perhaps that RAI signalling should preferably not lead to additional signalling and by piggybacked with the last UL or DL data transmission. But that is not always possible (e.g. in case the last data is in the DL) or when the UE determines after the UL data was sent that this was the last UL data. We think that RAI signalling fits naturally at L2, and for example un-used LCID code points could be used. We are also fine to explore L1 signalling further. PS: we do not see the need to signal the RAI info and preferred RRC state together, i.e. the latter can be signaled during the connection, or could even be stored as a UE capability/profile, i.e. no need to indicate the same preference for every connection. 

	Fujitsu
	· 3&4&5; and
· 6 or 7
	· It seems that (6) or (7) are overwrapped. One of them is enough if this information needed.

	NEC
	· 6
	· We understood that (6) is used for the UE to request RRC Connection due to a reason indicated by this bit. Although this also needs more justification, it would be better than (5) RAI as it can work when (most likely) single and/or predictable traffic pattern as in IoT terminals but will not work in e.g. smartphone UE having multiple applications.

	Nokia, Nokia Shanghai Bell
	· (3)
	· UE assistance information with Power Preference indication as in LTE can be used for this purpose. 

	MediaTek
	· 3, 4, 5
	· As pointed out by several companies above, the UE is aware of the level of activity and it can save power by moving out of a power hungry mode when it expects no data

	
	· 
	· 


2.3 UE's power consumption related UE assistance information 

The UE assistance information related to UE's power consumption includes:

(8) Power preference indication (PPI) similar as LTE via powerPrefIndication (TS 36.331 reference shown below) [24]

 REF _Ref6232422 \r \h [26]

 REF _Ref6248795 \r \h [15]

 REF _Ref6232461 \r \h [2].

powerPrefIndication-r11

ENUMERATED
{normal, lowPowerConsumption}
OPTIONAL,

(9) power profile [3].

Please provide your companies view's on the table below indicating which number (#) of the UE assistance information listed above should be supported in your understanding for Rel-16 NR to help reducing UE's power consumption adding the corresponding justification and details.

Table 3. Company's view on the power consumption related UE assistance information (8) and (9)

	Company's name
	Info. (#) to support
	Company's additional inputs

	LG
	· (8)
	· Same as LTE PPI

	Kyocera
	· 8
	· We think PPI should be supported as the baseline, since it was intended for the efficient support of diverse data applications and such a use case is still applicable for NR. 

	vivo
	· 8 or 9
	· We think PPI can be considered as the baseline for power consumption. 
· In order to provide more information to help the network to schedule the UE, power profile can be considered as an option to save signaling overhead. 

	Huawei, HiSilicon
	· None
	· We think LTE PPI is too general thus cannot provide enough useful assistance information to the gNB.

	DOCOMO
	· FFS (8)
	· Although similar mechanism as in LTE can be considered as starting point for NR, we should also take the real NW implementation into account. 　

	Qualcomm
	· none
	· We think because PPI sends only a binary indication to network, its benefit is very limited as it is hard for NW to figure out what UE prefers and what to do with it. For example, upon receiving this indication from UE, network has no idea whether UE prefers a different DRX configuration because its traffic pattern has changed or it prefers to reduce number of SCells because of overheating. UE Assistance Information in Rel-15 already includes more information and can be expanded to include more parameters (as listed in Question 2.4 below);

· If the main motivation for having power profiles is to reduce  signaling, we think it may not be necessary, because UE does not need to include all possible parameters in UE Assistance Information each time (i.e. parameters in that IE are optional). Having power profiles means parameters for different purposes may have to be artificially grouped together. That would limit UE’s flexibility to optimize its power savings. And some parameters may be difficult to group together – for example, it does not make sense to group a particular value of DRX cycle length with a particular mobility related RRM configuration.

	Apple
	· None
	· The information is too coarse for NW to use. If UE indicates lowPowerConsumption only, NW has no sufficient information to judge whether to reconfigure the longer DRX configuration or deconfigure DC/CA or release UE into IDLE/INACTIVE state.  

	OPPO
	· (8)
	· PPI can be considered as baseline

	SONY
	· 8 or 9
	· It would be beneficial if the UE could indicate its battery status (low battery, normal battery) to allow the gNB to schedule appropriately. Whereas the PPI is useful for adapting power consumption to diverse data applications, the battery status could give a longer term indication of power consumption preference to the gNB. A battery status would also allow a tradeoff to be made between power consumption and QoS characteristics (e.g. allow for greater latency to conserve battery when battery level becomes criticial).

	Spreadtrum
	· None
	· Agree with HW and Apple.

	Samsung
	· 8
	· It is assumed the PPI is a baseline.

	CATT
	· 8
	· Same as LTE.

	ITRI
	· 8
	· We think PPI could be considered as the baseline.

	Intel
	· (8)
	· We support that UE provides its power preference operation although this information might not be as essential if (6) and (10) were agreed (which might be more helpful/concrete input for the network to use).

	InterDigital
	· None
	· Same view as Apple.

	ZTE
	· None
	· For (8), we share the same understanding with HW that the PPI used in LTE is too  general. Since we are now discussing more efficient and detailed mechanisms for power saving, we do not see clear needs to support it now.
· For (9), the power saving gain should be first evaluated before the power profile is added as assistance information because handling such power profile will increase the implementation complexity in network side and it is still not clear to us how to handle such information.

	Xiaomi
	· 8
	· We think we can take the PPI as an easy way to go

	Ericsson
	· None
	· It is not clear when and how the UE sets this bit. It is not clear how the gNB acts on the bit. 

	Fujitsu
	· (8)
	· PPI is outcome of the study of DDA. It may be still useful.

	NEC
	· 8
	· No strong need for this category but (8) can be considered as in LTE.

	Nokia, Nokia Shanghai Bell
	· (8)
	· Same procedure than in LTE can be easily introduced. 

	MediaTek
	· 9?
	· PPI information is too coarse grained to be of use, while power profile in [3] lacks clear definition. If provision of the UE’s current power consumption information is intended, and regarded beneficial for the gNB, we can further discuss the type of information that should be included, e.g. to minimize the gNB’s burden in estimating the UE’s power consumption.

	
	· 
	· 


2.4 Serving cell related UE assistance information 

The UE assistance information related to serving cell includes:

(10) C-DRX configuration/parameters [2]

 REF _Ref6248813 \r \h [3]

 REF _Ref6248870 \r \h [6]

 REF _Ref6248872 \r \h [7]

 REF _Ref6248878 \r \h [10]

 REF _Ref6248885 \r \h [22].

(11) UE's preferred BWP configuration/parameters [2]

 REF _Ref6248813 \r \h [3]

 REF _Ref6248924 \r \h [5]

 REF _Ref6248872 \r \h [7]

 REF _Ref6248941 \r \h [19]

 REF _Ref6248949 \r \h [20].

(12) UE's preferred antenna configuration/parameters considering e.g. (a) number of Rx/Tx antenna, and/or (b) MIMO layers/antennas [2]

 REF _Ref6248813 \r \h [3]

 REF _Ref6248872 \r \h [7]

 REF _Ref6249009 \r \h [23].

(13) UE's scheduling parameters considering e.g. (a) k parameters, (b) scheduling format of slot-based vs non-slot based, and/or (c) cross-slot vs same-slot scheduling) [2]

 REF _Ref6248813 \r \h [3]

 REF _Ref6248872 \r \h [7]. 

(14) UE's search space configuration/parameters considering e.g. (a) periodicity, (b) duration and/or (c) aggregation level of UE’s search space [2]

 REF _Ref6248872 \r \h [7]. 

(15) UE's preferred TDD slot format [3].

(16) Application type [3]. 

(17) Application packet size [3].

(18) End of burst (EOB) [12].

Please provide your companies view's on the table below indicating which number (#) of the UE assistance information listed above should be supported in your understanding for Rel-16 NR to help reducing UE's power consumption adding the corresponding justification and details.

Table 4. Company's view on the servicing cell related UE assistance information (10) to (18)

	Company's name
	Info. (#) to support
	Company's additional inputs

	LG
	· None
	· Infeasible to standardize the triggering conditions for most of trigger candidates, i.e. it should be left to UE implementation, adding little value. 

	Kyocera
	· 10, 11
	· Although 12 to 14 are likely useful, RAN2 should ask RAN1’s feedback on the need for such UE assistance information. 

	vivo
	· 10, 11, 12, 13, 14
	· According to the conclusion captured in the TR, 10-14 information is beneficial to the power saving. From RAN2 point of view, we can further discuss the signaling design. In order to save the signaling overhead, we think power profile can be considered. 

	Huawei, HiSilicon
	· 10, 11, 12 and (13 a)
	· In general, we think the UE can provide some assistance information to the gNB based on its battery life/service type/traffic pattern. Thus we think 10, 11, 12 and 13 (a) are helpful and feasible. 13 (c) can be covered by 13 (a). For 12, firstly we think antenna domain related assistance information is useful. Based on our paper [23], we prefer to clarify the concept of “MIMO layers” and “antenna port”, then decide which parameter needs to be introduced. 

· Regarding 13 (b), 14 and 15, we think they are not related to UE’s battery life/service type/traffic pattern. Thus it is not feasible for the UE to provide proper information. Corresponding configuration should be up to network implementation based on resource numerology, load situation, etc. 
· We can see intention of 16, 17 and 18. But the intention can be achieved by other assistance information. For example the intention to report application packet size is that the gNB can active CC earlier. Similar purpose can be achieved by 19 and 20. Compared with these high level information, we prefer clear indication on preferred configuration. 
· We think serving cell related UE assistance information (if agreed) should also be applicable in the EN-DC, i.e. the UE can also report such UE assistance information to the gNB in EN-DC.

	DOCOMO
	· FFS (10), (11), (12), (17), (18)
	· About (17) and (18), we need to discuss gNB can get the information from CN side and/or UE side.
· We are open to discuss serving cell related UE assistance information taking into account the signaling overhead and benefits. Duplicated signallings to achieve same or similar benefits should be avoided. 

	Qualcomm
	· 10~14. 18?
	· We think triggering condition for UE Assistance Information should be left to UE implementation, as in Rel-15. 

· #18 can be useful if how to determine end of burst is left to UE implementation.

	Apple
	· 10, 11, 16, 17
	· The assistance information can help NW to find out the perfect configuration matched to the UE’s traffic and power situation.
· For 12,13,14,15, about the L1 related assistance information, it’s out of RAN2 scope. If RAN1 decides to support it, RAN2 should specify it directly. 

	OPPO
	· None
	· We don’t think it can bring too much power saving gain even if UE report these information, it’s anyway depends on network configuration. Besides, how to trigger the UE to report which information would cause extra specification efforts, so we don’t support to report these information.

	SONY
	· 10-17
	· The relevant assistance information to provide depends on the power saving methods that the gNodeB may use. 

· The availability of some information has possible impact on interfaces (either within a UE implementation or within the network ) e.g. application part information.

· The UE has good visibility of application-side activity, so it is useful if the UE can provide this assistance information to the gNB (where the gNB has more limited visibility of application-side activity).

· There needs to be a method for the gNB to control the amount of UE assistance information, given the length of potential candidates (10-18) 

· 

	Spreadtrum
	· 17, 18
	· Traffic pattern is useful for the gNB to configure appropriate parameters such as DRX, BWP bandwidth. The gNB needs to take other conditions such as mobility performance and network load etc. into account when configuring these parameters. So we prefer that the UE just provide traffic pattern.

· In addition, end of burst is useful for RRC state transition.

	Samsung
	· None
	· 

	CATT
	· 10, 11, 13
	· We think 10, 11 and 13 are beneficial to power consumption reduction. Especially they could bring good adaption to the UE’s service and capability.

· Regarding to 12, 14 and 15 which bring marginal benefit but great complexity on UE, we think it is not necessary to support them in Rel-16.

· For 16-18, they are typically traffic related information. In our opinion, 16 shows less benefit compared with DRB/flow information which is already obtained by the network. It should not be supported. And 17 is under discussion in V2X in NR which is not needed to be discussed in power saving with duplication specification work.  For 18, we are still wondering the benefits from it.

	ITRI
	· None
	· We share the same view as LG. Although the TR captures #10~#14 information are beneficial for power saving, the SPEC impact of the serving cell related UE assistance information should also be considered. We think to standardize the triggering conditions for each serving cell related UE assistance information is infeasible.

	Intel
	· (10), (11), (12), (13), (14)
	· UE knows information of the device (e.g. screen activity, or battery level) or ongoing applications (e.g. background ones, or those with a more or less predictable/periodic data transmission) that might not be available to the network and could drive UE's input in relation to the corresponding UE's configuration.

	InterDigital
	· None
	· Due to high complexity VS unclear benefits of specifying triggering conditions

	ZTE
	· None
	· For 10, we agree it may bring some benefit if it is possible for UE to provide some suggested DRX cycle correctly, based on the on-going traffic. However, we are not sure whether the UE can provide such information accurately and correctly, and it seems it is not testable. Considering the DRX cycle will impact the QoS requirement (e.g. PacketDelayBudget), if the function is not well specified (i.e. how the assistant information is generated) and tested, then the NW will not trust it and will not use it.
· For the 11-15, we think the assistant information in 11-15 are mainly about the PHY level configuration and should be discussed in RAN1 instead of RAN2. In addition, it is not clear for us which behaviour is more power efficiency, to schedule the UE with one transmission with higher capability (e.g. MIMO) or schedule the UE with multiple transmission with lower capability.
· For the 16-18, similar comments as 10, that it is not clear how can this be well specified and tested.

	Xiaomi
	· None
	· 16/17/18 had already been extensively discussed in eDDA and had been excluded. We do not think we need to go to the same loop while other UE assistance information needs further identification in RAN1 until more convincing benefits can be seen.

	Ericsson
	· 10, 12, 14a, (18)
	· 10: We would be interested to know what cDRX cycle length the UE prefers, i.e. can tolerate, to configure a cDRX that is as power efficient as possible, but that still tolerates the UE latency requirements. There is a clear benefit if the gNG can configure a longer DRX cycle in connected mode. Without information from the UE this configuration will be conservative. Perhaps this information does not need to be signaled in terms of preferred DRX cycle length, but perhaps the delay that is tolerated. In this context the UE could potentially also indicate the InactivityTimer is prefers based on the expected traffic pattern. 
· 12: We are not sure if this topic is better discussed in RAN1 or RAN2. But this topic has been discussed between RAN1 and RAN2 in REL-15, and ended up in “max MIMO layers” configured per serving cell (instead of per BWP) in REL-15. We understand that it is not power efficient to have maximum number of MIMO layers configured all the time, but we are also not sure if this configuration should be per BWP (i.e. is there a need to configure 2 for BWP1 and 4 for BWP2, and 8 for BWP3, etc)? Perhaps the configuration options are limited to initial/default BWP and all other BWPs (as suggested by docomo). Furthermore a couling with cDRX can be discussed instead, i.e. UE reverts to one layer during OnDuration?

· 14a: In our view we should discuss both PDCCH-skip and PDCCH-change (i.e. change of search space periodicity), as they have different characteristics, i.e. pros and cons.

· 18: We proposed this, and we put it between brackets, because after some offline discussions with UE vendor, it is perhaps not that clear how and if the UE is able to indicate this reliably? It is also not clear, if there is a strong need to indicate this dynamically and differently for every single gap. Perhaps it is more realistic, and feasible to signal this semi-statically during RRC connection as an (access) delay that the UE can tolerate during data transmissions? When the gNG then receives BSR=0 and sees that the DL buffer is empty the gNB could apply the PDCCH-skip for the tolerated delay (or average gaps size) that the UE indicated via RRC signalling?

	Fujitsu
	· 10-like information
	· In IDC indication, suggested DRX parameters are sent to the NW to mitigate in-device interference. Such kind of information i.e. 10-like information may be useful for power saving since power saving and IDC interference may not be directly related to each other.
· For 16, inter-arrival time (instead of application type) can be provided to assist the network in configurations so as to reduce UE’s power consumption. Also, it is mentioned in [3], different application type provides the information of traffic inter-arrival time and thus UE can provide inter-arrival time directly. If needed, it may be considered for UE assistance information.

	NEC
	· None
	· (16) or (17) may be useful but we prefer to get these information from the CN side. Can be discussed in SA.
· We are not convinced of gains from other information but open for further discussions.

	Nokia, Nokia Shanghai Bell
	· None
	· There is no time to conclude on this. Basically, there are two scenarios to be considered: 1) UE prefers power saving, 2) UE prefers performance. Based on corresponding information the network has needed tools on deciding proper configuration for the UE. PPI as in LTE can be used for this purpose. 

	MediaTek
	· 10, 11, 12
	There are three traffic characteristics of ongoing activity that the UE is aware of, namely:

· Mean arrival rate of data

· Its ‘bursty’ nature

· Expected amount of data

These three characteristics map to:

· DRX cycle length

· DRX inactivity timer length

· BWP to use which would include the number of MIMO layers to use

· Feedback to the NW that includes the UE preference on these three characteristics will help the NW configure a DRX, BWP and MIMO configuration that is best suited to the ongoing activity in the UE.

	
	· 
	· 


2.5 SCell related UE assistance information

The UE assistance information related to SCell configuration includes:

(19) UE's preferred SCell related configuration e.g. considering (a) based on SCell index, (b) SCell (de)activation, (c) CA (de)activation, (d) number of DL cells and/or UL cells, and/or (e) maximum number of Scell to be configured [3]

 REF _Ref6248924 \r \h [5]

 REF _Ref6249220 \r \h [9]

 REF _Ref6249280 \r \h [21]. 

(20) UE's preferred CC-grouping [21]

 REF _Ref6248813 \r \h [3]. 

(21) UE's maximum aggregated BW to be configured [21].

(22) UE's data amount for DL and UL [9].

(23) Early Expected Traffic Volume (ETV) in MSG3 to assist SCell activation [14]. 

Please provide your companies view's on the table below indicating which number (#) of the UE assistance information listed above should be supported in your understanding for Rel-16 NR to help reducing UE's power consumption adding the corresponding justification and details.

Table 5. Company's view on the Scell related UE assistance information (19) to (23)

	Company's name
	Info. (#) to support
	Company's additional inputs

	LG
	· None
	· 

	Kyocera
	· 19, 22, 23
	· Regarding 22 and 23, we think these are useful if these are the expected data volume in near future (e.g., within this RRC Connected period.)  We wonder if these may be sent on Msg5 or after, since it’s unclear how to configure/activate SCell before Msg5 even assuming the early measurement reporting (agreed in eCA/DC). 

	vivo
	· 19
	· The information #19 have been concluded in the TR. It can be defined in the UE assistance information. For the other options, we should first identify the power saving benefit. Otherwise, it can be further discussed in other WID, e.g. DC/CA enhancement. 

	Huawei, HiSilicon
	· 19, 20 and 21
	· We think the UE can provide these information based on its traffic type and traffic pattern. The gNB can configure the UE properly to avoid unnecessary UE power consumption and cost of network resource.
· The Scell related UE assistance information (if agreed) should also be applicable in the EN-DC, i.e. the UE can also report such UE assistance information to the gNB in EN-DC.

	DOCOMO
	· FFS(20)
	· (20) would be useful to deactivate all the Scells to related the same PA.

	Qualcomm
	· 19, 21. 20?
	· We think #21 is already in Rel-15 UE Assistance Information so we should keep it.  

· As to #19, we think efficient management of SCells is critical to achieve UE power savings. So it is important for UE to be able to tell network how many SCells it prefers to use and/or which set of SCells it want to use (e.g. FR1 vs FR2 cells).
· The general concept of grouping carriers related to #20 can be studied further, as it could be used for UE to indicate its preference is using FR1 vs FR2 cells.

	Apple
	· 19, 22, 23
	· For Power saving optimization on SCell operation (i.e. SCell activation/deactivation), the power saving schemes for SCell operation show 12% - 57.75% power saving gain which is based on RAN1 companies’ simulation results.
· With UE assistance information on SCell activation/deactivation and data amount, NW can make more accurate decision on the SCell operation which is tightly adapted to the UE traffic or channel situation. And it will bring the benefit for both UE power consumption and NW effective SCell resource utilization.

	OPPO
	· None
	· We don’t think it can bring too much power saving gain even if UE report these information, it’s anyway depends on network configuration. Besides, how to trigger the UE to report which information would cause extra specification efforts, so we don’t support to report these information.

	SONY
	· FFS
	· May be useful

	Spreadtrum
	· 22
	· The UE cannot know the cell load state、cell bandwidth、aggregated cell structure in time,  it is hard to provide the preferred Scell related configuration.
· We think Early Expected Traffic Volume is useful to configure SCell, but it may be sent on MSG5 or after.

	Samsung
	· 19 and 21
	· Actually, we have already specified 19 and 21 for overheating issue. We could reuse.
· Regarding 19, the current signalling for overheating seems sufficient, i.e. new info is not needed, e.g. SCell index.

	CATT
	· a subset of 19 and 21 which had already been introduced in UE assistance information in Rel-15.
	· For overheating issue in Rel-15 NR, UE can indicate its preference on reduced configuration corresponding to the maximum number of downlink/uplink SCells (i.e. a subset of 19), and the maximum aggregated bandwidth (i.e. 21). We don’t think any more UE assistance information needs to be provided to the network.

	ITRI
	· None
	· 

	Intel
	· (19), (20)
	· Similar motivation as explained in Table 4

	InterDigital
	· None
	· 

	ZTE
	· None
	· For the 22 and 23, from NW vendor’ point of view, we think current BSR mechanism is sufficient, and such assistant information seems not useful

· For 19, it is not clear for us that how can UE generate such assistant information. Similar as the comments given in 2.4, if the function is not well specified (i.e. how the assistant information is generated) and tested, then the NW will not trust it and will not use it.
· For 20, we see some benefit only in case the per cell DRX/power saving signal is allowed, which is still FFS now. If per cell DRX/Power saving signal is allowed, then we can comeback to this.
· For 21, we think it should be determined in RAN1 instead of RAN2.

	Xiaomi
	· None
	· 

	Ericsson
	· Something like in 21, 22, 23 
	· If the NW activates SCells based on capability, SCell might be activated when they are not needed. If the NW activates SCells based on signaled BSR and DL buffer status, the SCell activation is slow due to the measurements and activation latency. In case TCP is used the slow start/congestion avoidance could further delay SCell activation because the traffic source adapts to the available bandwidth. In case the UE can indicate in MSG3 information that is usable for the gNB to activate the number SCells for the connection, that might save power, i.e. avoid unnecessary SCell activation, and shorten the overall connection because SCell are activated more quickly. 

	Fujitsu
	· None
	· NW should have enough knowledge to control SCell configuration. If there is problem with UE power saving, then the UE can send PPI, so that gNB can reconfigure the current SCell configuration.

	NEC
	· 20
	· This may give some gains depending on the UE implementation, e.g. RF chain configuration/usage. 

	Nokia, Nokia Shanghai Bell
	· None
	· There is no time and defining such information and procedure would be challenging. 

	MediaTek
	· 19
	· Similar to our response in Table 4, SCell activation/deactivation preference can be seen as an extension of the BWP preference, i.e. to address the amount of data expected by the UE, based on its ongoing activity.

	
	· 
	· 


3 Email discussion report

The following [24] companies shared their views on this email discussion: LG, Kyocera, vivo, Huawei, HiSilicon, DOCOMO, Qualcomm, Apple, OPPO, SONY, Spreadtrum, Samsung, CATT, ITRI, Intel, InterDigital, ZTE, Xiaomi, Ericsson, Fujitsu, NEC, Nokia, Nokia Shanghai Bell, MediaTek.

Aiming to help with the meeting discussion/progress, the proposals are categorized starting with:

· [To agree] when more than 12 companies were in favor – potential 1st priority topic for discussion.

· [To discuss] 
when 12 or less companies but more than 6 companies were in favor – potential 2nd priority topic for discussion.

· [FFS] when 6 or less companies were in favor (but more than 1) – potential 3rd priority topic for discussion.

3.1 Mobility related UE assistance information

The support indicated for UE assistance information related to mobility includes:

· (-) Mobility related UE assistance information is not supported by 9 companies (LG, Huawei, HiSilicon, OPPO, CATT, InterDigital, Xiaomi, Ericsson, MediaTek). 

· LG, OPPO, CATT, InterDigital, Xiaomi: it is out of SI scope. In addition some of the companies pointed that it should be discussed in mobility enhancement WI or in “Study on RAN-centric Data Collection and Utilization for LTE and NR” instead.

· CATT: in LTE, MobilityHistoryReport was introduced for the network to estimate UE mobility state when UE transits from RRC_IDLE to RRC_CONNECTED.

· Huawei, HiSilicon: other relaxation criteria that consider mobility would be more helpful.
· MediaTek: using long-term past mobility history can have an adverse effect on connected mode RRM performance, instead current UE’s condition should be used when needed.
· (1) Mobility history information is supported by 13 companies (Kyocera, vivo, DOCOMO, Qualcomm, Apple, Sony, Spreadtrum, Samsung, ITRI, Intel, NEC, Nokia, Nokia Shanghai Bell). 

· Supporting companies explained that mobility history information is beneficial (1) for network to configure optimum settings (e.g. on RRM measurements including relaxation, cell reselection, , RRC parameters), or (2) to better handle the RRC states in UE, (3) to enable/disable power saving operation, 

· Kyocera, vivo, Qualcomm, ITRI: to consider “stationary mobility state”.
· ZTE: to post-pone this discussing until making a decision on the RRM relaxation topic.
· Fujitsu: FFS on the benefit of mobility related information for the power saving.

· (2) Information of cells not reselected due to the ping-pong effect is supported by 4 companies (vivo, DOCOMO, ?Sony, Intel)

· Intel: for the cells that UE did not reselect due to the ping-pong effect, TS 38.304 currently states that "UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria".
This summary leads to the following proposals:

Proposal 1. [To agree] To enable UE assistance information including (1) Mobility history information (similarly as LTE)

Proposal 1.1. [FFS] Whether to also include stationary mobility state as part of the (1) Mobility history information. 
Proposal 1.2. [FFS] Whether to also include information of cells not reselected due to the ping-pong effect as part of the (1) Mobility history information.

3.2 RRC state transition out of RRC_CONNECTED related UE assistance information

The support indicated for UE assistance information related to the RRC state transition out of RRC_CONNECTED includes:

· (-) UE assistance information related to the RRC state transition out of RRC_CONNECTED is not supported by 1 company (Xiaomi).

· (3) UE's preference to transition into RRC_IDLE is supported by 17 companies (LG, Kyocera, vivo, Huawei, HiSilicon, Qualcomm, Apple, OPPO, Sony, Spreadtrum, Samsung, Intel, Ericsson, Fujitsu, Nokia, Nokia Shanghai Bell, MediaTek).

· Nokia, Nokia Shanghai Bell: via Power Preference indication as in LTE.

· DOCOMO, ITRI, InterDigital: (3)(4)(7) shares similarities. From NW perspective, it is preferred that UE provides information to help the NW when making the decision on UE's RRC state transition.
· Apple: For (3)(4), since NW lack of UE’s application traffic information, radio/SIM information (e.g. dual SIMs), and the UE type (e.g. wearable device), NW implementation tends to be safe by keeping UE in connected mode for a long time even though there is no data transmission in order to avoid frequent RRC state transition.
· OPPO: FFS if both (3)(4) need to be supported as a selection criteria may be required.
· ZTE: For (3)(4), it should be up to NW decision whether to release the UE into idle or inactive.
· Xiaomi: For (3)(4)(7), network better take the decision.
· Ericsson: (3)(4)(5)(6)(7) overlaps discussing different aspects of the same topic.
· (4) UE's preference to transition into RRC_INACTIVE is supported by 15 companies (LG, Kyocera, vivo, Huawei, HiSilicon, Qualcomm, Apple, OPPO, Sony, Spreadtrum, Samsung, Intel, Ericsson, Fujitsu, MediaTek).

· (5) Release assistance information (RAI) is supported by 11 companies (Huawei, HiSilicon, DOCOMO, Qualcomm, OPPO, Sony, ITRI, InterDigital, Ericsson, Fujitsu, MediaTek).

· Kyocera: wonders that when the RAI is sent; i.e., it seems obvious one possibility is on (or just after) the last packet of data transfer as it is in legacy, but it could be also considered to allow the UE to send it even during the data transfer (i.e., before the termination of data) because the subsequent “RAI ( RRC Release procedure potentially cause the remaining “time-to-Release” delay.
· Huawei, HiSilicon, ZTE: (5) enters into design details on how to indicate the information that might be a different discussion. 
· Huawei, HiSilicon: existing RAI can only be triggered as padding BSR and can only indicate 1 state via BSR=0. If MAC approach were preferred, update to the existing RAI is needed.
· Xiaomi: (5)(6)(?24) are related to traffic arrival activity/prediction, which might not be accurate.
· Ericsson: RAI info and the signalling method should be discussed separately. RAI info: 1 bit indicating that the UE does not expect any more UL/DL data in the near future is sufficient/feasible. Signalling method: avoid additional signalling e.g. when possible, by piggyback indication with the last UL or DL data transmission. RAI signalling fits at L2 (e.g. indication via un-used LCID) or FFS L1. However there is no need for RAI info (which may be indicated the same preference for every connection) and preferred RRC state together (which can be signaled during the connection, or could even be stored as a UE capability/profile).
· (6) UE's reason to request the release (e.g. no active data, or data coming from other network) is supported by 10 companies (LG, Kyocera, DOCOMO, Samsung, ITRI, Intel, InterDigital, Ericsson, Fujitsu, NEC).

· Huawei, HiSilicon: (6) shares similar intention to (3)(4) but in less clear manner.
· Fujitsu: (6)(7) are overwrapped, one of them is enough.
· (7) UE's preference to transition out of RRC_CONNECTED or release the RRC connection is supported by 7 companies (LG, vivo, CATT, Intel, ZTE, Ericsson, Fujitsu).

· (24) UE’s preference for length of data inactivity timer is supported by 1 company (Qualcomm).

· Qualcomm: (24) is beneficial for UE to indicate the length of data inactivity timer to NW, as in some applications, UE may have better idea than NW how soon a connection can be terminated (e.g. data connections without human interaction).
This summary leads to the following proposals:

Proposal 2. [To agree] To enable UE assistance information including UE's preference (3) to transition into RRC_IDLE and (4) to transition into RRC_INACTIVE (from RRC_CONNECTED).

Proposal 3. [To discuss] Whether to also enable (5) Release Assistance Information, RAI (similarly as LTE).

Proposal 4. [To discuss] Whether to also enable (6) UE's reason to request the release (e.g. no active data, or data coming from other network)

Proposal 5. [To discuss] Whether to also enable (7) UE's preference to transition out of RRC_CONNECTED.

3.3 UE's power consumption related UE assistance information 

The support indicated for UE assistance information related to UE's power consumption includes:

· (-)UE assistance information related to UE's power consumption is not supported by 8 companies (Huawei, HiSilicon, Qualcomm, Apple, Spreadtrum, InterDigital, ZTE, Ericsson).

·  (8) Power preference indication (PPI) is supported by 14 companies (LG, Kyocera, vivo, OPPO, SONY, Samsung, CATT, ITRI, Intel, Xiaomi, Fujitsu, NEC, Nokia, Nokia Shanghai Bell).

· Kyocera, Fujitsu: it was intended for the efficient support of diverse data applications.
· DOCOMO: FFS as NR NW implementation needs to be taken into account.

· Sony: UE could indicate its battery status (low battery, normal battery) to allow the gNB to schedule appropriately. This could help to allow a tradeoff between power consumption and QoS.
· Intel: (8) might not be as essential if (6)(10) were agreed.
· Huawei, HiSilicon, Qualcomm, Apple, Spreadtrum, InterDigital, ZTE: (8) provides too coarse the information or has limited benefit (as it is a binary indication).

· Qualcomm, Apple, Spreadtrum, InterDigital: For (8), NW cannot differentiate if UE prefers a different DRX configuration (e.g. if its traffic pattern has changed) or reduce number of SCells (e.g. for overheating) or release UE into IDLE/INACTIVE state.
· Ericsson: It is not clear when and how UE sets this bit nor how gNB acts on it.
· (9) Power profile is supported by 3 companies (vivo, SONY, ?MediaTek).

· vivo: (9) could help to save signaling overhead.

· Qualcomm: (9) is not needed to reduce signaling as UE does not need to include all parameters in UE assistance each time. Power profiles might mean grouping parameters for different purposes together and this would limit UE’s flexibility to optimize its power savings. Some parameters may be difficult to group together.

· ZTE: power saving gains should be evaluated. (9) would add implementation complexity in NW.

· MeadiaTek: If provision of the UE’s current power consumption information is intended, and regarded beneficial for the gNB, we can further discuss the type of information that should be included, e.g. to minimize the gNB’s burden in estimating the UE’s power consumption.
This summary leads to the following proposals:

Proposal 6. [To agree] To enable UE assistance information including UE's Power Preference Indication, PPI (similarly as LTE).

Proposal 7. [FFS] Whether to also enable (9) Power profile.

3.4 Serving cell related UE assistance information 

The support indicated for UE assistance information related to Serving cell includes:

· (-) UE assistance information related to Serving cell is not supported by 10 companies (LG, OPPO, Samsung, ITRI, InterDigital, ZTE, Xiaomi, NEC, Nokia, Nokia Shanghai Bell)

· LG, ITRI: infeasible to standardize the triggering conditions for most of trigger candidates (i.e. it should be left to UE implementation).
· InterDigital: due to high complexity VS unclear benefits of specifying triggering conditions.

· Nokia, Nokia Shanghai Bell: lack of time to conclude on this.

· (10) C-DRX configuration/parameters is supported by 12 companies (Kyocera, vivo, Huawei, HiSilicon, Qualcomm, Apple, SONY, CATT, Intel, Ericsson, Fujitsu, MediaTek).

· vivo: (10) (11) (12) (13) (14) are indicated as helpful on the conclusion section of the TR.

· Huawei, HiSilicon: (10) (11) (12) (13a) is helpful and feasible as UE assistance information can be based on its battery life/service type/traffic pattern.

· CATT: (10) (11) (13) could bring good adaption to the UE’s service and capability.
· ZTE: even though it is beneficial, it is not testable or clear how UE can provide accurate/correct information. DRX cycle will also impact the QoS requirement (e.g. PacketDelayBudget).
· Ericsson: gNB benefits if it know that UE can tolerate to be configured with a cDRX that is as power efficient as possible, but that still tolerates the UE latency requirements. This information could be signaled in terms of delay that tolerates instead of CDRX cycle length. It could also indicate InactivityTimer preference based on the expected traffic pattern.
· Fujitsu: similar to IDC indication where suggested DRX parameters are sent to mitigate in-device interference, as well as, for power saving reasons.
·  (11) UE's preferred BWP configuration/parameters is supported by 10 companies (Kyocera, vivo, Huawei, HiSilicon, Qualcomm, Apple, SONY, CATT, Intel, MediaTek).

· DOCOMO: FFS

· (12) UE's preferred antenna configuration/parameters (considering e.g. (a) number of Rx/Tx antenna, and/or (b) MIMO layers/antennas) is supported by 8 companies (vivo, Huawei, HiSilicon, Qualcomm, SONY, Intel, Ericsson, MediaTek).

· Kyocera, Apple, ZTE: (12)(13)(14) RAN2 should ask RAN1’s feedback on the need (i.e. out of RAN2 scope). Apple, ZTE: same for (15). ZTE: same for (11).
· Huawei, HiSilicon: clarification forthe concept of “MIMO layers” and “antenna port” is needed before deciding on the actual parameters, as explained in [23].
· DOCOMO: FFS

· CATT: (12) (14) (15) could bring marginal benefit but great complexity on UE.
· Ericsson: In Rel-15, “max MIMO layers” configured per serving cell (instead of per BWP) which is not power efficient however it is not clear on doing it per BWP. Potentially configuration options are limited to initial/default BWP and all other BWPs (as suggested by Docomo).
· (13) UE's scheduling parameters (considering e.g. (a) k parameters, (b) scheduling format of slot-based vs non-slot based, and/or (c) cross-slot vs same-slot scheduling) is supported by 7 companies (vivo, Huawei (13a), HiSilicon (13a), Qualcomm, SONY, CATT, Intel).

· Huawei, HiSilicon: (13c) can be covered by (13a)
· Huawei, HiSilicon: (13b)(14)(15) are not related to UE’s battery life/service type/traffic pattern, so they are not feasible for UE to provide.
· (14) UE's search space configuration/parameters (considering e.g. (a) periodicity, (b) duration and/or (c) aggregation level of UE’s search space) is supported by 5 companies (vivo, Qualcomm, SONY, Intel, Ericsson (14a)).

· Ericsson: (14a), both PDCCH-skip and PDCCH-change (i.e. change of search space periodicity) should be discussed.
· (15) UE's preferred TDD slot format is supported by 1 companies (SONY).

· (16) Application type is supported by 2 companies (Apple, SONY).

· Huawei, HiSilicon: Similar intention to (16)(17)(18) could be met by other assistance information while using a clearer indication on UE's preferred configuration.
· CATT: (16) shows less benefit compared with DRB/flow information which is already obtained by the network

· ZTE: it is not clear how to specify or test (16)(17)(18)

· Xiaomi: (16)(17)(18) previously discussed and excluded during eDDA.

· Fujitsu: inter-arrival time (instead of (18) application type) can be provided to assist the network in configurations as different application type provides the information of traffic inter-arrival time.
· (17) Application packet size is supported by 3 companies (Apple, SONY, Spreadtrum).

· DOCOMO: FFS. (17)(18) may also be available from CN to gNB. NEC similar for (16)(17).
· CATT: (17) is under discussion in V2X
· (18) End of burst (EOB) is supported by 3 companies (?Qualcomm, Spreadtrum, ?Ericsson).

· DOCOMO: FFS

· CATT: (18) benefits are not clear.

· Ericsson: (18) is not clear how and if UE can indicate this reliably or whether there is strong need. An alternative is a more semi-static way where UE reports the (access) delay that UE can tolerate during data transmission and gNB uses this information for the PDCCH skip after BSR=0.

· Other points to highlight:

· Huawei, HiSilicon: serving cell related UE assistance information (if agreed) should also be applicable in the EN-DC (i.e. UE assistance information can be reported to gNB in EN-DC).
· DOCOMO: Duplicated signallings to achieve same or similar benefits should be avoided.
· Qualcomm: triggering condition for UE Assistance Information should be left to UE implementation, as in Rel-15.
· Sony: The relevant assistance information to provide depends on the power saving methods that the gNodeB may use. The UE has good visibility of application-side activity, so it is useful if the UE can provide this assistance information to the gNB (where the gNB has more limited visibility of application-side activity).
· Nokia, Nokia Shanghai Bell: there are 2 scenarios: 1) UE prefers power saving, 2) UE prefers performance, and PPI could be used for this purpose.

· MeadiaTek: traffic characteristics of ongoing activity are mean arrival rate of data, its ‘bursty’ nature and expected amount of data. These can be mapped into DRX cycle length, DRX inactivity timer and BWP to use (including # MIMO layers) which could all be provided from UE to network.

This summary leads to the following proposals:

Proposal 8. [To discuss] 
To enable UE assistance information including (10) UE's preferred C-DRX configuration/parameters.

Proposal 9. [To discuss] 
Whether to enable UE assistance information including (11) UE's preferred BWP configuration/parameters, (12) UE's preferred antenna configuration/parameters (considering e.g. (a) number of Rx/Tx antenna, and/or (b) MIMO layers/antennas), and/or (13) UE's scheduling parameters (considering e.g. (a) k parameters, (b) scheduling format of slot-based vs non-slot based, and/or (c) cross-slot vs same-slot scheduling).

Proposal 10. [FFS] Whether to enable UE assistance information including (14) UE's search space configuration/parameters (considering e.g. (a) periodicity, (b) duration and/or (c) aggregation level of UE’s search space), (16) Application type, (17) Application packet size, and/or (18) End of burst (EOB).

3.5 SCell related UE assistance information

The support indicated for UE assistance information related to SCell includes:

· (-) UE assistance information related to Scell is not supported by 9 companies (LG, OPPO, ITRI, InterDigital, ZTE, Xiaomi, Fujitsu, Nokia, Nokia Shanghai Bell)

· Spreadtrum: UE cannot know the cell load state cell bandwidth aggregated cell structure in time,  it is hard to provide the preferred Scell related configuration
· (19) UE's preferred SCell related configuration (e.g. considering (a) based on SCell index, (b) SCell (de)activation, (c) CA (de)activation, (d) number of DL cells and/or UL cells, and/or (e) maximum number of Scell to be configured) is supported by 10 companies (Kyocera, vivo, Huawei, HiSilicon, Qualcomm, Apple, Samsung, CATT, Intel, MediaTek).

· vivo: (19) concluded in TR.

· Huawei, HiSilicon: (19)(20)(21) can be provided based on UE's traffic type and traffic pattern.
· Qualcomm: efficient management of SCells is critical to achieve UE power savings.
· Samsung, CATT: (19)(20) are already enabled for overheating and could be reused. No need to add SCell index in current signaling.
· ZTE: (19) is not clear; if the function is not well specified (i.e. how the assistant information is generated) and tested, then the NW will not trust it and will not use it.
· MediaTek: SCell activation/deactivation preference can be seen as an extension of the BWP preference, i.e. to address the amount of data expected by the UE, based on its ongoing activity.
·  (20) UE's preferred CC-grouping is supported by 5 companies (Huawei, HiSilicon, ?Qualcomm, Intel, NEC).

· DOCOMO: FFS; (20) is useful to deactivate all the Scells to related the same PA.
· Qualcomm: it may be used for UE to indicate its preference when using FR1 vs FR2 cells.
· ZTE: If per cell DRX/Power saving signal is allowed, then (20) could be re-discuss due to its potential benefit.
· NEC: UE gains depends on UE implementation (e.g. RF chain configuration/usage).
· (21) UE's maximum aggregated BW to be configured is supported by 7 companies (Kyocera, Huawei, HiSilicon, Qualcomm, Samsung, CATT, Ericsson).

· Qualcomm: (21) is already available in Rel-15 UE assistance info.
· ZTE: up to RAN1 to determine.
· (22) UE's data amount for DL and UL is supported by 4 companies (Kyocera, Apple, Spreadtrum, Ericsson).

· Kyocera, Spreadtrum: (22)(23) are useful if these are the expected data volume in near future (e.g., within this RRC Connected period), e.g. sent on Msg5 or after. 
· ZTE: for (22)(23), BSR is sufficient.
· (23) Early Expected Traffic Volume (ETV) in MSG3 to assist SCell activation is supported by 2 companies (Apple, Ericsson).

Other points to highlight:

· vivo: items that may need more discussion could be handle in other WI e.g. DC/CA enhancements.

· Huawei, HiSilicon: the Scell related UE assistance information (if agreed) should also be applicable in the EN-DC, i.e. the UE can also report such UE assistance information to the gNB in EN-DC.
· Apple: RAN1 simulation results show 12% - 57.75% power saving gain with power saving schemes for SCell operation
· SONY: FFS
· Ericsson: If the NW activates SCells based on capability, SCell might be activated when they are not needed. If the NW activates SCells based on signaled BSR and DL buffer status, the SCell activation is slow due to the measurements and activation latency. In case TCP is used the slow start/congestion avoidance could further delay SCell activation because the traffic source adapts to the available bandwidth. In case the UE can indicate in MSG3 information that is usable for the gNB to activate the number SCells for the connection, that might save power, i.e. avoid unnecessary SCell activation, and shorten the overall connection because SCell are activated more quickly.
This summary leads to the following proposal:

Proposal 11. [To discuss] Whether to enable UE assistance information including (19) UE's preferred SCell related configuration (e.g. considering (a) based on SCell index, (b) SCell (de)activation, (c) CA (de)activation, (d) number of DL cells and/or UL cells, and/or (e) maximum number of Scell to be configured), and/or (21) UE's maximum aggregated BW to be configured.

Proposal 12. [FFS] Whether to enable UE assistance information including (20) UE's preferred CC-grouping, (22) UE's data amount for DL and UL and/or (23) Early Expected Traffic Volume (ETV) in MSG3 to assist SCell activation.

4 Conclusion

The suggested proposals from this email discussion are the following:

Proposal 1.
[To agree] To enable UE assistance information including (1) Mobility history information (similarly as LTE)
Proposal 1.1.
[FFS] Whether to also include stationary mobility state as part of the (1) Mobility history information.
Proposal 1.2.
[FFS] Whether to also include information of cells not reselected due to the ping-pong effect as part of the (1) Mobility history information.
Proposal 2.
[To agree] To enable UE assistance information including UE's preference (3) to transition into RRC_IDLE and (4) to transition into RRC_INACTIVE (from RRC_CONNECTED).
Proposal 3.
[To discuss] Whether to also enable (5) Release Assistance Information, RAI (similarly as LTE).
Proposal 4.
[To discuss] Whether to also enable (6) UE's reason to request the release (e.g. no active data, or data coming from other network)
Proposal 5.
[To discuss] Whether to also enable (7) UE's preference to transition out of RRC_CONNECTED.
Proposal 6.
[To agree] To enable UE assistance information including UE's Power Preference Indication, PPI (similarly as LTE).
Proposal 7.
[FFS] Whether to also enable (9) Power profile.
Proposal 8.
[To discuss] To enable UE assistance information including (10) UE's preferred C-DRX configuration/parameters.
Proposal 9.
[To discuss] Whether to enable UE assistance information including (11) UE's preferred BWP configuration/parameters, (12) UE's preferred antenna configuration/parameters (considering e.g. (a) number of Rx/Tx antenna, and/or (b) MIMO layers/antennas), and/or (13) UE's scheduling parameters (considering e.g. (a) k parameters, (b) scheduling format of slot-based vs non-slot based, and/or (c) cross-slot vs same-slot scheduling).
Proposal 10.
[FFS] Whether to enable UE assistance information including (14) UE's search space configuration/parameters (considering e.g. (a) periodicity, (b) duration and/or (c) aggregation level of UE’s search space), (16) Application type, (17) Application packet size, and/or (18) End of burst (EOB).
Proposal 11.
[To discuss] Whether to enable UE assistance information including (19) UE's preferred SCell related configuration (e.g. considering (a) based on SCell index, (b) SCell (de)activation, (c) CA (de)activation, (d) number of DL cells and/or UL cells, and/or (e) maximum number of Scell to be configured), and/or (21) UE's maximum aggregated BW to be configured.
Proposal 12.
[FFS] Whether to enable UE assistance information including (20) UE's preferred CC-grouping, (22) UE's data amount for DL and UL and/or (23) Early Expected Traffic Volume (ETV) in MSG3 to assist SCell activation.
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