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Introduction

In the RAN plenary meeting #84, the work item of NR power saving was updated [1]. More particularly, the standardization work on MIMO layer adaptation was approved in Section 4.1, which is quoted as below:
2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

In this contribution, the views on power saving techniques of the antenna and MIMO layer domain adaptation are provided. The essential factors to provide the potential power saving gain and corresponding procedure are also discussed. This is an updated contribution from R1-1908978.

Discussion on performance gain from MIMO layer adaptation

From the observation in [2] in Section 5.1.3, the simulation results show some power saving gain for the dynamic and semi-static antenna adaptation by limiting the maximum layer number but with some performance degradation on UPT and latency. However, some other sources show also some negative power saving gain and large latency under some simulation assumptions.
To save UE power consumption, the motivation for reducing maximum layer number is to reduce the number of the transceiver chain. For downlink, switching off some of the receiver chains can save power/energy from amplifier, ADC, buffering and processing in the baseband. These are all receiving antenna specific. As for per layer power consumption reduction, reducing layer number can also alleviate baseband processing pressure due to potential less TBS in a code word and even less code word, e.g. from 2 to 1.
However, as mentioned in the TR 38.840, the power saving gain largely depends on the simulation assumption, more specifically, the traffic characteristic and channel condition. Below are a few rough cases to facilitate the analysis on what circumstance and use cases can achieve potential power saving gain.

Table 1. Analysis on the potential impact given to antenna domain adaptation power saving gain by different traffic characteristics and channel condition assumptions
	Cases 
	Traffic arrival rate
	Packet size
	Channel condition
	Pros and Cons comparison if maximum layer and antenna reduction is used

	
	
	
	
	Spectrum efficiency loss
	UPT loss
	Active time extension
	Power saving gain

	Case 1
	Low 
	Small 
	good
	Yes, perhaps marginal
	Possible but marginal
	Possible but marginal
	Possible

	Case 2
	Low
	Small
	Not good
	Yes
	Possible
	Possible
	Not clear 

	Case 3
	Low
	Large
	good
	Yes
	Yes
	Yes
	Not clear

	Case 4
	Low
	Large
	Not good
	Yes
	Yes
	Yes
	Not clear

	Case 5
	High
	Small 
	good
	Possible
	Possible
	Possible
	Not clear

	Case 6
	High
	Small
	Not good
	Yes
	Yes
	Yes
	Not clear

	Case 7
	High
	Large
	good
	Yes
	Yes
	Yes
	No

	Case 8
	High
	Large
	Not good
	Yes
	Yes
	Yes
	No



Ideally, the most effective power saving strategy is to make UE finish all the transmission/reception as soon as possible and then go to sleep to acquire more sleeping time. Hence even though reducing antenna number can save power per slot, the potential active time extension could cause even more power consumption.
In any case, if the channel condition is not good, reducing antenna number will bring coverage performance loss and power saving gain is not clear. More receiving antennas can improve coverage performance for single layer transmission. Then active time can be reduced. Hence, it is not a good option to reduce the antenna number in weak channel condition.
Observation 1: If channel condition is not good, reducing antenna number will impact coverage performance and extend reception/transmission period thus is not beneficial to achieve power saving gain.

Furthermore, it is obvious that when UE deals with large packet size traffic, it is also not suitable to reduce antenna or layer number. This will impact the spectrum efficiency and make the active time longer no matter the channel condition is good or not.
Observation 2: Traffic with large arrival packet size is not suitable for antenna or layer number restriction.

If the traffic arrival rate is low and the packet size is small, it is possible to just use smaller number of receiving/transmitting antennas to achieve power saving gain. In this case, probably there is no need to use more spatial layers for higher spectrum efficiency but the active time can still remain short. This requires good channel condition since reduced antenna number can not handle weak coverage case thus increases the UE active time to finish receiving/transmitting all the data.
Observation 3: Scenarios with low traffic arrival rate, small packet size and good channel condition is potentially suitable to apply MIMO layer and antenna number adaptation to achieve power saving gain.

If the traffic arrival rate is high, it is not easy for the UE to acquire more sleep time to save power, especially for the large packet case. Only if the packet size is sufficiently small and channel condition is sufficiently good, the UE may use less receiving/transmitting antenna without increasing the total active time.
Thus, overall, in our opinion,
Observation 4: The power saving performance of the UE adaptation to the number of MIMO layers or antennas deeply depends on the traffic characteristic and channel condition.

For high frequency band, beamforming and beamforming sweeping can be used. Then layer reduction will play less crucial role on the power saving. In case digital/hybrid beam forming using multiple AD/DA converters, not to apply beam forming by reducing antenna can save some power consumption but increase the active time. Therefore, similar discussion of MIMO layer adaptation would be applied.

Potential specification impacts

In the previous meeting, the following was agreed,
	Agreements:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2



This means the gNB may dynamically change the maximum number of DL MIMO layer by BWP switching, if different numbers have been configured for different BWP.
After UE receives the signaling, below are several open possibilities of how the UE interprets the layer restriction:
· Channel condition is not good thus layer number is limited to e.g. 1. Then the UE does not need to calculate in the CSI measurement and report RI larger than 1. Typically, gNB would not schedule the UE with higher rank. But still, UE may use 4 receiving antennas to improve DL performance to overcome inter-cell interference or even intra-cell interference for MU-MIMO. It is noted that there can be also power saving benefits by only applying layer restriction without Rx chain switching off operation. In this interpretation, only the baseband part of maximum number of DL MIMO layers are restricted and the number of Rx chain is no change.
· For power saving purpose, no matter the channel condition is good or not, UE adjust the number of Rx chains active which are aligned with the configured maximum layer number and switches off other ones. In this interpretation, gNB has the responsibility on the consequence of decreased system performance by limiting the maximum number of DL MIMO layers.
· In the cases of CA/DC, although the number is changed by a BWP switching DCI in one of the CCs, the assumption for other CCs may still remain the same. Thus, the UE may have misaligned assumption on the maximum MIMO layer number. Then how and whether UE shall switching off some of the Rx chain is also not clear. An intuitive implementation is to follow the maximum number among all the CCs.  

Therefore the question is whether this MIMO layer restriction indication leads to only baseband number of maximum number of DL MIMO layer restriction or up to UE implementation of Rx chain switching off operation to the indicated number of maximum number of DL MIMO layer. As analyzed in the previous section, the traffic characteristics and channel condition together determine which operation would be best for power saving. For downlink, gNB knows better about the traffic characteristics while UE is more accurate and up-to-dated with channel condition. Therefore, our view is up to UE implementation of Rx chain switching off operation to the indicated number of maximum number of DL MIMO layer. In case of CA/DC, how RX chains are shared among CC are not known to the gNB. Therefore, it is UE responsibility not to degrade the performance of other CC in the same Rx chain. In the WID, it is also mentioned that RAN4 needs to evaluate which case assuming a relationship between the number of RF ports and the MIMO layer configuration. Similar to the description on subclause 7.2 of TS38.101, our understanding is the final specification on the number of Rx ports is RAN4 specification. Therefore, up to RAN4 discussion is also reasonable approach.
Proposal 1: With the new signaling of maximum MIMO layer which is per-DL-BWP configuration for power saving, it is up to UE implementation of Rx chain switching off operation to the indicated number of maximum number of DL MIMO layer. Or how to interpret the signaling is up to RAN4 decision.

UE report to propose the maximum MIMO layer number
UE report of the maximum layer number was proposed by some companies. As mentioned before, the power saving gain depends on traffic characteristic and channel condition. To figure out a best option on the layer number for power saving, UE needs to predict the traffic characteristic. However, for downlink case, the gNB has better position to do this. Furthermore, other than reporting small layer number, it is not clear that how UE decides when to increase the layer or antenna number. A typical case is when large amount of downlink traffic arrives. Similarly, gNB knows earlier and better than UE.
However, if power saving for uplink case is also considered, UE knows better about the traffic characteristics. In this case, it is more justified for UE to report the assistance information. Unlike downlink case, gNB is more accurate in the uplink channel condition. Hence, UE may not be able to calculate how many Tx antennas are appropriate. Instead of directly reporting the antenna or layer number, traffic related assistance information is more helpful for gNB to make decision on the antenna adaptation.
Proposal 2: For downlink case, the UE assistance information in support of the MIMO layer and antenna domain adaptation is not supported. For uplink case, the UE assistance information could be studied, which can be considered in the next release.

Conclusions
This contribution provide our views on the MIMO layer and antenna number adaptation for NR power saving. The follow conclusions are summarized below:
Observation 1: If channel condition is not good, reducing antenna number will impact coverage performance and extend reception/transmission period thus is not beneficial to achieve power saving gain.
Observation 2: Traffic with large arrival packet size is not suitable for antenna or layer number restriction.
Observation 3: Scenarios with low traffic arrival rate, small packet size and good channel condition is potentially suitable to apply MIMO layer and antenna number adaptation to achieve power saving gain.
Observation 4: The power saving performance of the UE adaptation to the number of MIMO layers or antennas deeply depends on the traffic characteristic and channel condition.
[bookmark: _GoBack]Proposal 1: With the new signaling of maximum MIMO layer is per-DL-BWP configuration for power saving, the UE behaviour of the adaptation should be discussed.
Proposal 2: For downlink case, the UE assistance information in support of the MIMO layer and antenna domain adaptation is not supported. For uplink case, the UE assistance information could be studied, which can be considered in the next release.
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