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1. Introduction
[bookmark: _GoBack]In previous RAN1 meeting, adaptation of MIMO layer or number of antenna was decided as one of the topics to be discussed in RAN1 in UE power saving work item as highlighted by yellow below. In this contribution, we discuss how to progress the discussion in RAN1 including necessity and potential impacts to the specifications of MIMO/antenna adaptation for UE power saving.
	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 wakeup 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 Anenna 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 deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 



2. Discussion 

In TR 38.840 [1], most evaluations related to the MIMO/antenna adaptation showed power saving gain of UE’s dynamic RX antenna adaptation between 2RX and 4RX over the case where UE always uses 4RX. In one evaluation, power saving gain of dynamic adaptation between 2RX and 4RX over always using 4RX is compared with the power saving gain of always using 2RX over always using 4RX. In that evaluation, the power saving gain is up to 22% for dynamic adaptation case and up to 19% for always 2RX case, where always using 2RX shows throughput loss.
Even though investigations so far shows gain in perspective of trades off between power saving and system throughput with dynamic antenna adaptation, it is questionable if the gain by dynamic antenna adaptation cannot be achieved by UE implementation based on Rel-15 NR specifications. For example, UE may switch off some of its RX antennas when it decides beneficial for power saving while the resultant PDCCH/PDSCH reception performance may not be problematic. There may be potential impact to the actual system throughput or restriction caused by UE’s antenna switching on/off time, which need to be investigated first before discussing introduction of MIMO/antenna adaptation in Rel-16.
Proposal 1
If it is concluded that support of dynamic adaptation of UE’s number of RX antennas is desirable for UE power saving purpose, it should be discussed first what is blocking issue in UE adapting number of RX antennas by implementation based on Rel-15 NR specifications.

Based on the contributions submitted in last RAN1 meeting, there are two approaches suggested for MIMO/antenna adaptation for UE power saving:
1) Adapting schedulable maximum number of MIMO layers [2][3][4][6]
2) Adapting number of UE’s RX antennas [2][5]
For both approaches, there seems to be ambiguities on the actual gNB scheduling and UE power consumption as follows.

Reducing maximum number of MIMO layers may not directly guarantee UE can reduce its number of RX antennas since UE doesn’t know what the network’s expectation to the UE’s RX performance for PDCCH/PDSCH is. Also, network may not know whether it can reduce a UE’s maximum number of MIMO layers since the network doesn’t know what the UE’s RX performance for PDCCH/PDSCH will be if the number of RX antennas under certain reduction of number of MIMO layers is up to UE’s implementation
Observation 1
Reducing maximum number of MIMO layers may not guarantee UE can reduce its number of antennas since UE doesn’t know what the network’s target performance for PDCCH/PDSCH is.
Observation 2
Network may not know how to schedule PDCCH/PDSCH depending on the adaptation of maximum number of MIMO layers since network doesn’t know what the UE’s PDCCH/PDSCH reception performance according to the different maximum numbers of MIMO layers is

Reducing number of UE’s RX antennas: Network cannot “mandate” UE to use a certain number of RX antennas since reception algorithm including RX antenna usages is purely up to UE implementation. Therefore, Network “may allow” using reduced number of RX antennas rather than mandating number of RX antennas to be used. Then, allowing reduced number of RX antennas may not directly lead to the network’s knowledge on what the UE’s PDCCH/PDSCH RX performance will be since reception performance based on allowed number of RX antennas is up to UE’s implementation.
Observation 3
Network cannot mandate reducing UE’s number of RX antennas but may allow using reduced number of RX antennas.
Observation 4
Network may not know how to schedule PDCCH/PDSCH depending on the adaptation of allowed number of RX antennas since network doesn’t know what the UE’s PDCCH/PDSCH reception performance according to the different allowed number of RX antennas is

If those ambiguities at UE RX performance and the corresponding gNB scheduler’s decision is not clearly handled, supporting MIMO/antenna adaptation doesn’t have more meaning than just allowing adaptation purely based on UE implementation
Proposal 2
If it is concluded that UE implementation based MIMO/antenna adaptation is not suitable for UE power saving and Rel-16 NR should supports UE power saving based on MIMO/antenna adaptation explicitly, the following points should be addressed
· How network estimates UE’s PDCCH/PDSCH RX performance for the decision of MIMO/antenna adaptation and the corresponding scheduling decision
· How UE knows it can decide its number of RX antennas and/or PDCCH/PDSCH reception algorithm even if network indicates some relaxation on the UE’s MIMO/antenna utilization

3. Conclusion
In this contribution, we discussed how to progress the discussion in RAN1 including necessity and potential impacts to the specifications of MIMO/antenna adaptation for UE power saving. Observations and proposals of this contributions are as follows.
Proposal 1
If it is concluded that support of dynamic adaptation of UE’s number of RX antennas is desirable for UE power saving purpose, it should be discussed first what is blocking issue in UE adapting number of RX antennas by implementation based on Rel-15 NR specifications.
Observation 1
Reducing maximum number of MIMO layers may not guarantee UE can reduce its number of antennas since UE doesn’t know what the network’s target performance for PDCCH/PDSCH is.
Observation 2
Network may not know how to schedule PDCCH/PDSCH depending on the adaptation of maximum number of MIMO layers since network doesn’t know what the UE’s PDCCH/PDSCH reception performance according to the different maximum numbers of MIMO layers is
Observation 3
Network cannot mandate reducing UE’s number of RX antennas but may allow using reduced number of RX antennas.
Observation 4
Network may not know how to schedule PDCCH/PDSCH depending on the adaptation of allowed number of RX antennas since network doesn’t know what the UE’s PDCCH/PDSCH reception performance according to the different allowed number of RX antennas is
Proposal 2
If it is concluded that UE implementation based MIMO/antenna adaptation is not suitable for UE power saving and Rel-16 NR should supports UE power saving based on MIMO/antenna adaptation explicitly, the following points should be addressed
· How network estimates UE’s PDCCH/PDSCH RX performance for the decision of MIMO/antenna adaptation and the corresponding scheduling decision
· How UE knows it can decide its number of RX antennas and/or PDCCH/PDSCH reception algorithm even if network indicates some relaxation on the UE’s MIMO/antenna utilization
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