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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN#83 meeting, a new WID on UE power saving in NR was approved [1]. The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving. The power saving technique should address latency and performance in NR as well as network impact. The objective of the UE power saving includes the following,
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.
In addition to indicate to the UE to wake-up, the PDCCH based power saving signal can be used to indicate other UE behaviours. In RAN1#96bis meeting, it was agreed to further study the following potential DCI contents for power saving [2], which includes MIMO layer adaptation/number of antenna adaptation.
Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wake up and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Antenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemed by some companies to be not in the scope of the power saving WI approved so far 
[bookmark: OLE_LINK54]This contribution discusses PDCCH based signaling to trigger UE adaptation to the number of receive antennas.
[bookmark: _Ref129681832][bookmark: _GoBack]Discussion
Adaptation to the number of antennas was studied to save UE power during the SI phase of UE power saving. As captured in TR38.840 [3], the power saving schemes with adaptation to the maximum number of MIMO layers or the number of Tx/Rx antenna (panels) provide up to 3%~30% power saving gain for the dynamic antenna adaptation and 6%~30% for semi-static antenna adaptation with some impact to the system performance. Dynamic adaptation to the number of antennas with restricting 2Rx reception for PDCCH-only can provide about 3%~20% power saving gain with marginal impact on throughput and latency performance. The dynamic adaptation scheme with restricting 2Rx reception for PDCCH-only will be discussed in the following.
[bookmark: OLE_LINK14]Observation 1: According to TR38.840, dynamic adaptation to the number of antennas with restricting 2Rx reception for PDCCH-only is beneficial to save UE power with marginal impact on throughput and latency performance.
In [4] RAN1#96 meeting, the motivation of dynamic adaptation to the number of antennas and restricting 2Rx reception for PDCCH-only has been discussed. It is feasible to use a smaller number of antennas for PDCCH reception especially for UEs in good coverage or in the cell center, as an example, 2Rx can be used for PDCCH reception. If a UE is in good coverage, 2Rx for PDCCH is sufficient to meet BLER requirement. If a UE is in bad coverage, in order to operate with 2Rx for PDCCH, a higher aggregation level can be used to fulfill the BLER target. However, this just happens for the first DCI scheduling PDSCH/PUSCH which transits from a duration with PDCCH only monitoring.
[bookmark: OLE_LINK5][bookmark: OLE_LINK2]As shown in Figure 1, the UE can be configured and be triggered to detect PDCCH with only 2Rx antennas to save UE power. When a DCI with grant is detected, UE turns on the additional two Rx antennas and receives PDSCH and PDCCH with 4Rx antennas. In this way, the transmission delay, i.e., the time delay between PDCCH and scheduled PDSCH, can include an additional time for UE to switch on the RF chains to receive PDSCH. When the UE is operating with 4Rx, the UE can fallback to 2Rx. For example, when it is enabled by gNB configuration or the coverage is good enough, a timer can be used to trigger the UE use 2 Rx to monitor PDCCH. If the timer expires, the UE fall backs to 2Rx to save power consumption. Once a grant DCI is detected, the timer shall be restarted and the UE starts to use 4Rx for reception again.
In the scheme, the use of 2 Rx to monitor PDCCH is expected to introduce negligible resource overhead, which has been analyzed in [4] for previous meeting. Only the grant DCI triggering the UE switch to 4Rx may use a higher aggregation level to ensure the PDCCH performance. According to the evaluations in the stage of study item, PDCCH-only slots occupy the large portion of slots in time domain. Therefore, the UE would not be frequently triggered to switch the number of Rx antennas. From the system perspective resource overhead impact due to the higher aggregation level PDCCH transmission with smaller number of Rx antennas should be small. Furthermore, considering the UE doesn’t stop/skip PDCCH monitoring, the gNB can timely schedule PDSCH in the PDCCH occasions when there are data to transmit. Hence the loss in throughput and latency would not be introduced for antenna adaptation. 
In the above scheme, when the UE is operating with reduced number of antennas, a grant DCI serves as a power saving signal/channel to implicitly indicate the UE to adapt to the default number of antennas. It is proposed to specify the above procedure to enable UE to use the reduced receiver antennas to monitor PDCCH.
[image: ]
Figure 1 Illustration of dynamic adaptation to the number of antennas assuming 2Rx reception for PDCCH-only.
Another consideration during the study item was to adapt the maximum number of MIMO layers. However, PDCCH triggers UE adaptation to the number of Rx antennas for PDCCH monitoring, which is not the same as the adaptation of maximum number of MIMO layers. The number of Rx antennas is more related with the RF part of UE, which is also the upper bound of maximum number of MIMO layers of PDSCH. However, a reduced number of MIMO layers of PDSCH does not correspond to a reduced number of Rx antennas, and the reduced number of maximum layers impacts more the baseband processing. Additionally, it is known that MIMO layer is defined for PDSCH rather than PDCCH and restricting the maximum number of MIMO layers will introduce the loss of throughput and latency for PDSCH transmission. PDCCH doesn’t have the concept of “layer”, restricting the number of MIMO layers doesn’t mean that the UE will use the reduced number of antenna for PDCCH reception. Hence it is necessary to introduce the number of Rx antenna and adapt to the number of Rx antennas for PDCCH monitoring. 
[bookmark: OLE_LINK29]CSI measurement and reporting for different number of Rx antennas should be clearly defined. The UE would keep CSI measurement and reporting so that the gNB can timely schedule the UE when the traffic arrives. One simple way is that UE measures/reports CSI based on 2Rx in the PDCCH-only duration and measures/reports CSI based on 4Rx after the grant DCI triggering UE switching to 4Rx. In this way, gNB may not achieve the accurate CSI of 4Rx after the transition from 2RX to 4Rx. As another way which can achieve the accurate CSI after the transition is, UE always keeps CSI measurement and reporting based on 4Rx. By this way, even the UE is operating with 2Rx for PDCCH-only, the UE will turn on the additional antennas to measure periodic CSI of 4Rx on the occasions where the CSI-RS is transmitted.
For the grant DCI triggering UE switch to 4Rx, the transmission delay, i.e., the time delay between PDCCH and scheduled PDSCH, can be discussed, and this has been included in the scope of the WID, which will be evaluated by RAN4.  
Finally, for the above dynamic adaptation scheme, it is assumed that UE can operate with larger number of antennas when the traffic happens, so it is not necessary for the UE to report a UE capability of reduced number of Rx antenna. Adaptation to the number of antennas doesn’t correspond to UE capability.
Based on the above analysis, we have the following proposals:
Proposal 1: Specify dynamic adaptation of the number of antennas and restrict the number of antennas for reception of PDCCH-only for power saving:
· Grant DCI serves as the power saving signal to indicate the UE to adapt the number of antennas
Proposal 2: Further discuss the following aspects regarding dynamic adaptation of the number of Rx antennas for UE power saving:
· Specify the maximum number of antennas for PDCCH monitoring
· Define the CSI measurement/reporting assumptions
· Define the transmission delay, i.e., the time delay between PDCCH and scheduled PDSCH, to convey the dime duration needed for UE antenna switching
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]Proposal 3: For the dynamic adaptation scheme, no new UE capability regarding the number of Rx antennas will be introduced.
Conclusions
In this contribution, PDCCH based signaling to trigger adaptation to the number of Rx antennas for PDCCH monitoring is discussed and the related specification impacts are also analyzed. Based on the discussions, we have the following observation and proposals:
 Observation 1: According to TR38.840, dynamic adaptation to the number of antennas with restricting 2Rx reception for PDCCH-only is beneficial to save UE power with marginal impact on throughput and latency performance.
Proposal 1: Specify dynamic adaptation of the number of antennas and restrict the number of antennas for reception of PDCCH-only for power saving:
· Grant DCI serves as the power saving signal to indicate the UE to adapt the number of antennas
Proposal 2: Further discuss the following aspects regarding dynamic adaptation of the number of Rx antennas for UE power saving:
· Specify the maximum number of antennas for PDCCH monitoring
· Define the CSI measurement/reporting assumptions
· Define the transmission delay, i.e., the time delay between PDCCH and scheduled PDSCH, to convey the dime duration needed for UE antenna switching
Proposal 3: For the dynamic adaptation scheme, no new UE capability regarding the number of Rx antennas will be introduced.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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