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Introduction
One of the objectives of the updated NR UE power saving WID, is for RAN2 to discuss UE assistance information for UE preferred SCell configuration [1]:
1) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity
UE assistance for SCell configuration is discussed further in this contribution. It is assumed that with “configuration” L3 RRC signalling is meant to semi-statically adapt the connection to the traffic demand, i.e. L1 signalling for dynamic adaption is not discussed in this contribution, and if needed should be discussed in RAN1. The revised power saving WID also mentions that SCell dormant behaviour may be re-evaluated in RAN#85. 
[bookmark: _Toc242573354]Background
DC and CA enhancements
Agreements:
· SCell dormant state like LTE euCA will not be introduced in NR. 
· ‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.
· Temporary RS resources at SCell activation will be studied as a solution for fast SCell activation. RAN1/4 input required on feasibility and benefit.
· Sent an LS to RAN1/4 to request input for the dormancy behaviour and the denser RS approach (R2-1908483)
· An email discussion to be held to progress the work on SCG and MCG SCell configuration:
· [106#38][NR/DCCA] SCG and MCG SCell Configuration with RRC Resume (Ericsson)
· Progress the discussion of maintaining SCG and MCG SCell Configuration in RRC Resume and providing an SCG and MCG SCell configuration in RRC Resume for both LTE and NR. The discussion should aim to understand potential benefits.
· Intended outcome: Report to next meeting
· Deadline:  Thursday 2019-08-08
There is a pending question from RAN1 to RAN4 about the SCell activation delay, i.e. whether the activation delay can be shortened, and why it is longer than the BWP switching delay [2]. 
UE assistance information in LTE
The UE assistance information, i.e. bandwidth preference and overheating, which are (somewhat) related to SCell configuration, are shortly discussed here: 
A UE supporting CE mode may send its preference on maximum PDSCH/PUSCH bandwidth to assist RRC reconfiguration by the eNB [3-5]. The UE preference for the maximum configured bandwidth was motivated to reduce power consumption, i.e. when the UE does not require a large bandwidth, or when the UE is in poor coverage conditions or when the UE does not benefit from a large bandwidth [6].  When configured to provide maximum bandwidth preference the UE may indicate its preferred maximum bandwidth configuration for UL and/or DL. The UE indicates preferred maximum bandwidth after configuration, and upon change provided that bw-PreferenceIndicationTimer (T341) is not running (range {0, 0.5, 1, 2, 5, 10, 20, 30, 60, 90, 120, 300, 600} sec), see section 5.6.10 in 36.331. If the UE has sent UE assistance less than 1 sec prior to handover, then the UE re-transmits the UE assistance info after handover.
In the context of UE overheating the UE can indicate when it gets overheated, or when it is no longer overheated [7-9]. The overheating signalling was motivated when the UE is configured for high throughput and suffers from overheating due to high rank MIMO and large numbers of aggregated carriers (CA/DC) and/or high modulation scheme [10]. More specifically, if the UE experiences overheating, the UE can indicate a preference for the DL and UL UE category and the maximum number of configured SCells in UL and DL. The UE indicates that it no longer experiences overheating by indicating overheating without any preferences. The UE is not allowed to send overheating info when overheatingIndicationProhibitTimer (T342) is running (range {0, 0.5, 1, 2, 5, 10, 20, 30, 60, 90, 120, 300, 600} sec), see section 5.6.10 in 36.331. If the UE has sent UE assistance less than 1 sec prior to handover, then the UE re-transmits the UE assistance info after handover.
UE assistance information for power preference, delay budget and SPS is also supported in LTE, but they are not related to SCell configuration.
UE assistance information in NR
UE assistance information for overheating and delay budget is supported in NR (i.e. bandwidth preference is not supported in NR).
The overheating assistance information in NR is similar to the information in LTE, except that UE does not signal the preferred DL and UL UE category (because this does not exist in NR), but the preferred maximum aggregated bandwidth on all configured carriers including both MCG and SCG (range {0, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 400} MHz), and maximum number of MIMO layers per serving cell (range DL {2, 4, 8} and DL {1, 2, 4}). Both preferred parameters to reduce overheating are signalled separately for UL and DL and FR1 and FR2. 
Discussion
PDCCH monitoring has been identified as a critical component in the connected mode power consumption. The PDCCH power consumption increases with the number of activated SCells, i.e. when the SCell is activated the UE is required to monitor the PDCCH. Furthermore the power consumption in FR2 is higher compared to FR1, due to larger bandwidths, baseband processing, PDCCH decoding and beam management, but in FR2 a higher throughput can be obtained. In case of high traffic volumes FR2 is expected to be more power efficient than FR1, but to transmit small amount of data FR1 is assumed to be more power efficient. 
One option is to configure SCells based on UE capability (indicated by carrier and band combinations with CA/DC, LTE/NR, FR1/FR2, etc), and put the SCells into de-activated state or dormant state (if supported) upon configuration. When the SCell is de-activated/dormant the UE is not required monitor PDCCH, which is the main power consuming factor. In de-activated state the UE is still required to perform RRM measurements, and in dormant state the UE is also required to perform CSI-RS measurements (to enable a fast SCell activation again). 
If we now look at the possible sequence of events during the life-time of a connection:
1. Connection setup
2. SCell configuration and cDRX configuration: 
a. Initial configuration in MSG4 and/or via RRC reconfiguration
b. SCells are de-activated/dormant after configuration
3. SCells are activated  de-activated/dormant dynamically during the connection based on the changing traffic demand:
a. BSR reporting from the UE
b. DL buffer status in gNB/eNB
4. SCells of the cell group enter DRX based after data inactivity:
a. UE only monitors PDCCH during OnDuration (in NR when WUS is detected)
5. Connection release:
a. When there is no more data after some time (NW inactivity timer)
b. UE indicates that it does not expect more data in the near future (RAI)
Activation  de-activation/dormant
The gNB/eNB can perform dynamic activation/de-activation/dormant of SCells based on the reported BSR from the UE, and the DL buffer status in the gNB/eNB, i.e. there is no need for UE assistance information to change SCell state:
Observation 1: Based on BSR reporting and DL buffer status the eNB/gNB can configure the Scell state (activated, de-activated, dormant), i.e. no further UE assistance info is needed.
cDRX
When cDRX is configured, the UE enters DRX when there has been data inactivity for some time for the cells belonging to the same cell group/MAC entity. When a connection drops into DRX this does not necessarily imply that the UE is over-configured, i.e. there are too many SCells configured. Sleep periods naturally arise during a connection due to the traffic arrival pattern: 
Observation 2: It is assumed that cDRX operates on a shorter time scale compared to SCell activation  de-activation/dormant, and that the UE enters DRX dependent on the traffic arrival pattern. 
Sleep periods during a connection can perhaps be reduced, when fewer SCells are configured, but such a configuration may not satisfy the latency/QoS requirements of the connection. 
SCell configuration
In case SCells are configured in MSG4 solely based on UE capability, it is possible that the additional resources configured via SCells are not needed. This is especially a problem when most of the connections do not require high bandwidth, which seems to be realistic use case in life networks.  In many cases a connection is setup to carry only a small amount of information and only requires a low bandwidth (app sync). In case SCell resources are configured based on UE capability, the NW may configure the NR leg with EN-DC, or SCells in FR2, when such configuration is not needed from a traffic/bandwidth perspective. Even when the cells are de-activated/dormant upon configuration some power is wasted due to RRM/CSI-RS measurements:
Observation 3: In case of small data connections it is inefficient to configure additional resources (via CA/DC, MR-DC, FR1/FR2, …), even when the SCells are de-activated/dormant upon configuration.
To avoid over-configuration in MSG4, we propose to introduce an indication in MSG3 to indicate whether the UE would benefit from configuration additional SCells (or additional SCell configuration is not considered beneficial, i.e. the serving cell is assumed to be able to carry the traffic): 
Proposal 1: RAN2 to discuss the feasibility to introduce an indicator in MSG3 that indicates if the UE expects to benefit from additional SCells (in addition to the serving cell) to be configured for this connection or not.
The indicator above, can alternatively be formulated as: foreground/background traffic expected or delay sensitive or tolerant traffic expected. 
Pro-active configuration of SCells during connection setup can be efficient when additional SCells are expected to be needed. In case SCells are configured later via RRC reconfiguration, e.g. based on BSR reporting and DL buffer size, it will take longer time and thus also more power. Furthermore due to internet delays, host response delays, and TCP slow start/congestion avoidance, it may take time for the UL/DL buffer to build up and reveal the true traffic demand. 
Thus SCell configuration during setup may be improved when the UE has information about the resources that are expected to be needed for the connection. Potentially the NW may also have QoS info that can help to determine the required resources as well. But it might be beneficial for the NW to receive UE assistance information during setup to assist the NW to configure the appropriate number of SCells in MSG4. Such UE information should be based on upper layer information, e.g. what of application/service is running on top: 
Proposal 2: RAN2 to evaluate the benefit of UE assistance information after connection setup, which indicates the UE’s expected traffic demand for the connection, to assist a possible SCell re-configuration (CA, DC, EN-DC, MR-DC, etc). 
RRC signalling is suitable to enable semi-static adaptation, e.g. when new service is started or stopped. We do not think that the RRC signalling is suitable to adapt to individual traffic bursts:
To signal the UE traffic demand / resource needs different metrics have been discussed in the past:
· [bookmark: _Hlk16170791]Aggregated bandwidth over all configured cells in UL and DL (MHz)
· Number of Component Carriers (CC) / SCells (INTEGER)
· Preferred/expected data rate in UL and DL (Mbps)
· …
In our view the UE should provide an indication that is close to the expected traffic, i.e. expected/preferred data rate in UL and DL. Based on the UE capability, the NW can translate this into a proper and more detailed SCell configuration: 
Proposal 3: The UE can indicate a preferred/expected data rate in UL/DL (Mbps) via UE assistance signalling. 
In our view the UE should indicate this on the primary cell of the cell group. The traffic indication applies for the whole RRC connection, that may be configured via LTE-CA, LTE-DC, EN-DC, MR-DC, NR-DC. 
Proposal 4: UE signals a preferred/expected data rate in UL/DL (Mbps) on primary cell of cell group.
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss UE preferred SCell configuration: 
[bookmark: _GoBack]Proposal 1: RAN2 to discuss the feasibility to introduce an indicator in MSG3 that indicates if the UE expects to benefit from additional SCells (in addition to the serving cell) to be configured for this connection or not.
Proposal 2: RAN2 to evaluate the benefit of UE assistance information after connection setup, which indicates the UE’s expected traffic demand for the connection, to assist a possible SCell re-configuration (CA, DC, EN-DC, MR-DC, etc). 
Proposal 3: The UE can indicate a preferred/expected data rate in UL/DL (Mbps) via UE assistance signalling. 
Proposal 4: UE signals a preferred/expected data rate in UL/DL (Mbps) on primary cell of cell group.
References
[1] RP-191607, Revised WID: UE Power Saving in NR, Revised WID, CATT, RAN#84
[2] R1-1905912, LS on maximum allowed SCell activation delay for Rel16 CA, LS out, To: RAN4, RAN1#96bis
[3] R2-1702333, Stage 2 CR on FeMTC UE CE mode and maximum PDSCH/PUSCH BW preference, Apple, CR 36.300, RAN2#97
[4] R2-1702334, FeMTC UE CE mode and maximum PDSCH/PUSCH BW preference indication, Apple, CR 36.306, RAN2#97
[5] R2-1702335, FeMTC UE CE mode and maximum PDSCH/PUSCH BW preference indication, Apple, CR 36.331, RAN2#97
[6] R2-1702295, Signaling support for CE mode and bandwidth switch for FeMTC devices	, Apple, Intel, QC, DISC, RAN2#97
[7] R2-1714009, Introduction of the overheating indication, Huawei, CR 36.300, RAN2#100
[8] R2-1712556, Introduction of the overheating indication, Huawei, CR 36.306, RAN2#100
[9] R2-1714010, Introduction of the overheating indication, Huawei, CR 36.331, RAN2#100
[10] R2-1701835, Thermal issues with high capability UEs, Huawei, DISC, RAN2#97
[11] R2-1901838, UE assistance information, Apple, DISC, RAN2#105

1
