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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues of assistance TRS for idle/inactive UE power saving enhancements are discussed.
[bookmark: _Ref71215021][bookmark: _Ref70271314]Availability indication for assistance TRS occasions
[bookmark: _Ref82526575][bookmark: _Ref91008497][bookmark: _Ref77064009]Validity time
In RAN1 #107-e, the following agreement was made [1] implying a ‘sliding’ validity duration, which unfortunately leads to several issues, for which we provide analysis and proposals in the sub-sections.
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 


[bookmark: _Ref91003714]Whether multiple availability indications are allowed
If availability indication is transmitted only once, for a UE who newly enters to the coverage of a cell just after the availability indication or who misses the availability indication, it cannot use utilize the TRS occasions in the cell for power saving for a long time even when the TRS is actually transmitted by the gNB.
Proposal 1: Availability indication with value 1 can be transmitted multiple times during the validity duration after the previous indication of value 1.
Assume the length of validity duration is N default paging cycles. If gNB indicate the TRS is ‘available’, i.e. value ‘1’, it is natural that gNB will ensure the corresponding TRS resources are present for the corresponding validity duration, i.e. N default paging cycles. Therefore, if UE receives another indication of ‘available’ value during the validity duration, UE can assumes the validity duration is sliding. Or in other words, the validity duration is restarted. An example is shown in Figure 1, where N=4.
[image: ]
[bookmark: _Ref91001066]Figure 1 UE extends the validity duraiton


[bookmark: _Ref91003715]Whether different value is allowed to be indicated in the same validity duration
Since gNB has no idea where an IDLE/INACTIVE UE receives the availability indication, if different value of availability indication is not allowed, gNB cannot find a time to change ‘available’ to ‘unavailable’, i.e. the sliding issue cannot be resolved. Therefore, different values of the availability indication should be allowed in the same validity duration.
[image: ]
[bookmark: _Ref90999165]Figure 2 Different assumption of validity duration for different UE
Proposal 2: Different value of availability indication filed is allowed during the validity duration, if the value ‘0’ means ‘ignored’.
Then the consequent issue is how to define the UE behavior. In our view, UE should not assume an immediate stopping of TRS transmission if it receives ‘0’ during validity duration, otherwise it is against the motivation to introduce ‘validity duration’ (i.e., ensuring the TRS is transmitted for the validity duration). Therefore, it is more reasonable that UE ignores the received ‘0’ during validity duration. In other words, the validity duration is not triggered to be restarted by ‘0’. An example is shown in Figure 3, where N=4.
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[bookmark: _Ref91001603]Figure 3 Value ‘0’ is ignored by the UE
Proposal 3: Value ‘0’ of TRS availability indication means ‘ignored’.
In our understanding, to ensure UE utilize the TRS reliably, gNB should continue transmit the TRS for a period after the gNB indicates ‘0’, i.e. ‘ignored’. In the example in Figure 3, although gNB starts indicating ‘0’ in default DRX cycle #2, the gNB cannot stop transmitting TRS until default DRX cycle #5.
Observation 1: gNB should ensure UE can utilize TRS reliably in an indicated validity duration.
How to handle multiple indication bits
According to the agreement in RAN1 #107-e [1], there can be up to 6 indication bits. When considering multiple indication bits, how to maintain the validity duration should take into account how the multiple indication bits impact the restart of the validity duration(s).
One method raised by some companies in RAN1 #107-e is that to use ‘all 0’ as ‘reserved’. However, in this case, when gNB plans to stop transmitting part of the TRS resource sets, gNB has to indicate ‘all 0’, which potentially reduced the power saving gain of the UEs. As an example shown in Figure 4, where there are 2 indication bits in paging DCI and/or PEI DCI indicating the availability of 2 groups of TRS resource sets, i.e. the 1st group of TRS resource set(s) which is associated with the 1st bit (TRS resource set group#1), and the second group of TRS resource set(s) associated with the 2nd bit(TRS resource set group#2). Each block in the figure represents a default DRX cycle, where the SFN for the first PF satisfying (SFN + PF_offset) mod T = 0, and there are 6 default DRX cycles shown. The length of validity duration is 4 default DRX cycles. gNB originally transmits all TRS resource sets and determines to stop transmitting the group of TRS resource sets associated with the 2nd indication bits from default DRX cycle #5. Then gNB needs to indicate ‘00’ from default DRX cycle #2 to default DRX cycle #5, in order to avoid the sliding/extension of the validity duration of UE1, who has received the availability indication ‘11’ in DRX cycle #1. However, if there is a new coming UE2, who starts to receive availability indication in default DRX cycle #2, the UE2 can use neither the 1st group of TRS resource sets nor the 2nd group of TRS resource set(s) from default DRX cycle #2 to default DRX cycle #5, even though the 1st group of TRS resource sets is actually transmitted.
[image: ]
[bookmark: _Ref92475854]Figure 4 Example of using ‘all 0’ as ‘reserved’

As another consideration, the most important design principle of triggering validity duration is to avoid UE using absent TRS resources. To achieve this goal, if there is at least one bit indicating value ‘0’ while the current UE assumption of the TRS resource set associated with the bit is ‘available’ (i.e. at least one bit ‘1 --> 0’), the validity duration (corresponding to the previous indication) should not be extended, e.g. in Figure 5 the validity duration of UE1 should not be extended in default DRX cycle #2. 
Another design principle of triggering validity duration is to let the UE utilize transmitted TRS resources as much as possible. So if there is no bit ‘1 --> 0’, i.e. if there is only ‘0 --> 1’ or the new indication is completely the same as the current assumption, it means that gNB ensures the corresponding TRS resources will be transmitted. In this case, the validity duration is better to be extended to for a longer time.
To enable the UE2 to use the actually available TRS resource set(s) in group#1, it’s better to allow gNB indicates ‘10’ from default DRX cycle #2. As a further example shown in Figure 5, where UE2 can receive ‘10’ from default DRX cycle #2, where UE2 assumes TRS resource set group#1 is available and TRS resource set group #2 is unknown regarding the availability. And the validity duration of UE2 should start/extend to default DRX cycle #3, #4, and etc, since when gNB indicates ‘10’ gNB will ensure the 1st group of TRS resource sets is transmitted for the next 4 default DRX cycles. However, to avoid UE1 still TRS resource set group#1 and group#2 are both available until the start of default DRX cycle #5, the validity duration of UE1 should not be updated in default DRX cycle #2, #3 and #4 even though value ‘1’ is received for the first availability indication bit. But in default DRX cycle #5, after the previous validity duration of UE1 expires, UE1 should start a new validity duration with assumption that TRS resource set group#1 is available and TRS resource set group#2 is unknown regarding the availability. 
[image: ]
[bookmark: _Ref92476590]Figure 5 Example of proposed mechanism
To conclude, the UE behavior can be characterized as:
· If there is at least one bit indicating value ‘0’ while the current UE assumption of this bit is ‘1’ (i.e. at least one bit ‘1 --> 0’), the indication is ignored, i.e. the UE keeps the assumption regarding the availability based on previous indications;
· Otherwise, the validity duration is extended.
Proposal 4: The UE behavior on triggering validity duration is defined as
· If there is at least one bit indicating value ‘0’ while the current UE assumption of this bit is ‘1’ (i.e. at least one bit ‘1 --> 0’), the indication is ignored;
· Otherwise, the validity duration is extended.

Further clarification on the reference point
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 

Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.



In current spec [2], one PO consists S PDCCH monitoring occasions, while S is the number of actually transmitted SSBs. And the starting position of a PO can be flexibly configured by firstPDCCH-MonitoringOccasionOfPO. Similar design is also applied to PEI according to the above agreement [3][1]. Considering the configuration of PO/PEI-O, the definition of the reference point seems still not clear. 
[image: ]
[bookmark: _Ref91007439]Figure 6 One PO/PEI-O spanning two default DRX cycles
Per our understanding, due to the flexibility of PO/PEI-O configuration, it happens that a PO/PEI-O spans two default DRX cycles as shown in the example of Figure 6. In this case, if different UE receives paging DCI/PEI in different MO within the same PO/PEI-O, different UE may determine different referent point as shown in Figure 7. This means the start of the validity duration may depend on the detected MO location, which is actually unknown by gNB.

[image: ]
[bookmark: _Ref91007705]Figure 7 Different reference point for different MO within the same PO/PEI-O
In our view, it is better to align the reference point for all the MOs within the same PO/PEI-O. As shown in Figure 8, the reference point can be aligned to either the first MO or the last MO. 
This clarification actually cannot resolve the issue that gNB and UE may miss align the validity duration considering the validity duration’s reference point depends on where the UE detects the indication bits. This always happens in deployment for DCI miss-detection and false detection.
However, considering the group had already made decision to go this way, we think the mechanism itself should be clearly defined, i.e. it should be clear on the reference point determined by which monitoring occasion of PO or PEI-O.
[image: ]
a) Aligned to the first MO
[image: ]
b) Aligned to the last MO
[bookmark: _Ref91007904]Figure 8 Aligned reference point for all the MOs within the same PO/PEI-O
Proposal 5: The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle corresponding the first or last MO of the PO/PEI-O where UE receives the availability indication
The corresponding TP
According to the above analyses of validity duration, we have the following proposal.
Proposal 6: Adopt text proposal 1 in section 2.1

------------------------------------------ Start of Text Proposal 1---------------------------------------------
< Unchanged parts are omitted >
10.4B 	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of ‘1’ for the bitmap indicates presence of associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to includes the [first/last] MO of a PO, where the PO frame that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle. UE ignores the TRS availability indication field if there is at least one bit indicating value ‘0’ while the previous indication of the bit is ‘1’.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 1--------------------------------------------


[bookmark: _Ref91065035]The availability indication in PEI DCI
In RAN1 #107-e, the following agreement was made [1]. 
	Agreement
For L1 availability indication using a bitmap, the following is supported:
· Number of bits in the bitmap, N, is up to 6 bits 
· a bit is associated with a group of TRS resource sets. The associated TRS resource sets for each bit can be based on 
· explicit configuration of TRS resource set group, where 
· each TRS resource set is configured with a ID i, with value from {0, …, N-1}, for the association with an indication bit in TRS availability indication field.
· the ith bit maps to all the TRS resource set(s) associated with ID i. 
· start of the bitmap is the first bit of the reserved bits in paging PDCCH 
· Note: It is left to RAN2 decision on whether explicit parameter is used for N or it can be implicitly determined by the TRS resource set configurations.



According to the agreement, the association between an indication bit and a TRS resource set is configured. And at least N-bit indication is supported as the baseline design, which actually means that the TRS resources in all beam directions are indicated. It is well motivated for paging DCI since paging DCI usually indicates the TRS resources before the PO in the next DRX cycle and UE may move to another beam at the next DRX cycle. 
PEI DCI was agreed to support the same indication bits as that of paging DCI. However, it is still under discussion on whether further reduced field size is allowed for PEI DCI. Considering the behavior B is excluded for PEI, it is more important to have a reliable PEI transmission before a paging transmission. Therefore, it is preferred to minimize the PEI DCI payload as much as possible. 
PEI based indication is typically used to indicate the TRS resources before the PO of the current DRX cycle at least when validity duration is one default DRX cycle. In such case, the best beam for the UE usually does not change since the time is short. So for PEI, the indication can only focus on the same QCLed SSB index, which can reduce the overhead. Since we already defined the association, to reduce the signaling overhead, PEI can select the one indication bit that is associated to the same QCL reference as the current PEI MO. For example, the association method between 64 SSBs and 6 indication bits in paging DCI is shown in Figure 9. For the PEI monitoring occasion QCLed with SSB #11, the one indication bit in this PEI monitoring occasion indicates the TRS resources QCLed with SSB #11~SSB #21。
[image: ]
[bookmark: _Ref86750605]Figure 9 example of mapping SSB indexes to indication bits

Proposal 7: Support to only include one indication bit in TRS availability indication field in DCI format 2_7, which is associated with the same QCL reference (SSB index) of the monitoring occasion for the DCI format 2_7, in addition to the support of the same TRS availability indication field size as that in paging DCI.
· The same association between SSBs and an indication bit is applied to both paging DCI and PEI DCI
[bookmark: OLE_LINK23][bookmark: OLE_LINK17][bookmark: OLE_LINK27]Configuration of assistance TRS 
Scrambling ID and number of TRS resources
During the discussion of RAN1 #107, the following proposal was discussed but not agreed due to time limit.
	Proposal 4-1 (v9) 
Support a configuration parameter for the number of, X, TRS resources for a TRS resource set.
· applicable values for X: {2, 4}
One or more scrambling IDs is configured for TRS resources within a TRS resource set.
· If only a single TRS resource is configured with scrambling ID, it applies to all the TRS resources.
· Otherwise, the number of scrambling IDs is equal to the number of TRS resources, where the scrambling ID is configured per TRS resource.


For scramblingID, it is already well understood by companies that it should be configured per TRS resource not to impact the configuration of TRS for connected mode UE. The first sub-bullet also provide gNB with the chance to reduce the overhead of configuration when the same scramblingID is applicable to all the TRS resources within a TRS resource set. However, if only one scramblingID is configured, UE cannot know how many TRS resources is included in the TRS resource set. Thus explicitly configuration is needed for the number of, X, TRS resources for a TRS resource set.
And according to the email discussion, we think the above proposal is quite stable. And we suggest to agree on it.
Proposal 8: For TRS configuration
· Support a configuration parameter for the number of, X, TRS resources for a TRS resource set.
i. applicable values for X: {2, 4}
· One or more scrambling IDs is configured for TRS resources within a TRS resource set.
i. If only a single TRS resource is configured with scrambling ID, it applies to all the TRS resources.
ii. Otherwise, the number of scrambling IDs is equal to the number of TRS resources, where the scrambling ID is configured per TRS resource.
QCL
It was agreed in RAN1 #105-e that the QCL information for TRS resources is based on SSB index [4]. And the QCL type is ‘typeC’ and ‘typeD’ when applicable.
	Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

Agreement
For a RS resource configured for TRS/CSI-RS occasion(s) for idle/inactive UEs, a quasi co-location type can be determined as 
· ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block


However, in real NR deployment, the beams for TRS resources can be different from those for SSBs. For example, it may happen that SSBs use narrow beams while TRS resources use wide beam(s). If each resource set can only be configured to QCL-ed with a single SSB, some useful information for T/F tracking may be wasted. An example is shown in Figure 10, where SSB1, SSB2, SSB3 and SSB4 use different narrow beams, and TRS1 and TRS2 use different wide beams where each wide beam covers two narrow beams. If TRS1 is configured to be QCL-ed with SSB1, when UE is under the coverage of SSB1, UE can jointly use the TRS and SSB1 for loop convergence. When UE moves to the coverage of SSB2, UE will use SSB2 only since UE cannot know the TRS1 is still useful.
[image: ]
[bookmark: _Ref91086925]Figure 10 example of different beam for TRS and SSB
To allow UE make full use of TRS, one possible solution is to extend the QCL source configuration to a list of SSBs. In other words, a TRS can be configured to be QCL-ed with multiple SSBs.
Proposal 9: For QCL configuration, extend the configuration to configure the QCL source of a TRS resource set as a list of SSBs.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: gNB should ensure UE can utilize TRS reliably in an indicated validity duration.

Proposal 1: Availability indication with value 1 can be transmitted multiple times during the validity duration after the previous indication of value 1.
Proposal 2: Different value of availability indication filed is allowed during the validity duration, if the value ‘0’ means ‘ignored’.
Proposal 3: Value ‘0’ of TRS availability indication means ‘ignored’.
Proposal 4: The UE behavior on triggering validity duration is defined as
· If there is at least one bit indicating value ‘0’ while the current UE assumption of this bit is ‘1’ (i.e. at least one bit ‘1 --> 0’), the indication is ignored;
· Otherwise, the validity duration is extended.
Proposal 5: The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle corresponding the first or last MO of the PO/PEI-O where UE receives the availability indication
Proposal 6: Adopt text proposal 1 in section 2.1
Proposal 7: Support to only include one indication bit in TRS availability indication field in DCI format 2_7, which is associated with the same QCL reference (SSB index) of the monitoring occasion for the DCI format 2_7, in addition to the support of the same TRS availability indication field size as that in paging DCI.
· The same association between SSBs and an indication bit is applied to both paging DCI and PEI DCI
Proposal 8: For TRS configuration
· Support a configuration parameter for the number of, X, TRS resources for a TRS resource set.
i. applicable values for X: {2, 4}
· One or more scrambling IDs is configured for TRS resources within a TRS resource set.
i. If only a single TRS resource is configured with scrambling ID, it applies to all the TRS resources.
ii. Otherwise, the number of scrambling IDs is equal to the number of TRS resources, where the scrambling ID is configured per TRS resource.
Proposal 9: For QCL configuration, extend the configuration to configure the QCL source of a TRS resource set as a list of SSBs.
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