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1. Introduction
The per-BWP max MIMO layer adaptation is a feature introduced under UE power saving feature in R16, and it can help UE to save power if network can indicate UE the maximum MIMO layer number by using the DCI command like active BWP change. There are two cases under discussing in previous RAN4 meetings:
· Case 1: Maximum number of MIMO layers is adapted as a part of the BWP change
· Case 2: Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption
However, besides the delay and interruption requirement for max MIMO layer adaptation, we also need to consider the impact to other existing baseband requirements after introducing this max MIMO layer adaptation to serve power saving purpose.   
In this contribution, we discuss one impact of max MIMO layer adaptation to demod requirement.
2. Delay and interruption requirement for max MIMO layer adaptation
From last RAN4 #93 meeting, it is still open on whether the legacy BWP switching requirement can be reused for the case 2 (Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption). The existing BWP switching time defined in RAN4 consists of three parts: DCI parsing, RF/BB parameter calculating/loading and applying the new parameters. If only maximum MIMO layer is changed, whether or not it can reduce delay time is fully up to UE implementation. In the worst case, UE may not check the parameter difference but instead UE directly use the new parameters in BWP to overwrite the old ones; and in that sense, UE will conduct the same procedure as BWP switching although some of the adjustments are not necessary. Moreover, reduction on delay or interruption requirement would force UE to perform the fast cross-check the differences between any 2 of configured BWPs in the candidate BWP set, however, there are lots of adjustable parameters in the BWP configuration, and therefore it might be another burden for UE implantation. Thus, in order to make requirement compatible for all UE implementations, we propose to reuse the existing delay and interruption requirement of legacy BWP switching to case 2.
Proposal 1: reuse the existing delay and interruption requirements of legacy BWP switching to case 2 (Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption).
3. Discussion on impacts on demod requirement
The previous max MIMO layer number is configured per-cell/per-CC via RRC signaling, which is almost static activity. However, in order to help UE to save power, the max MIMO layer number is updated to be configured per-BWP and also the DCI command can be used for maximum MIMO layer number change in the BWP. The power saving gain in max MIMO layer adaptation is because UE can adaptively switch off or deactivate some Rx antenna when the max MIMO layer number is reduced to a smaller number, e.g. change from 4 to 2. For instance, UE has to at least keep 4 Rx antenna ‘ON’ when it is configured with max_MIMO_layer_num=4; but as long as network configures UE to adjust max_MIMO_layer_num to 2, UE can only use 2 Rx antenna and turn off or deactivate the other Rx antennas to save power. 
However, in the existing demodulation requirement in TS38.101-1, it is specified that,
	[bookmark: _Toc21344427][bookmark: _Toc29801914][bookmark: _Toc29802338][bookmark: _Toc29802963]7.2	Diversity characteristics
The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.
For the requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands. Additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.



And in TS38.101-4, it is specified that,
	[bookmark: _Toc21338162][bookmark: _Toc29808270]5.1.1.2	Applicability of requirements for different number of RX antenna ports
The number of RX antenna ports for different RF operating bands is up to UE declaration.
The UE shall support 2 or 4 RX antenna ports for different RF operating bands. The operating bands, where 4 RX antenna ports shall be the baseline, are defined in Clause 7.2 of TS 38.101-1 [6]. The UE requirements applicability for UEs with different number of RX antenna ports is defined in Table 5.1.1.2-1.
Table 5.1.1.2-1: Requirements applicability
	Supported RX antenna ports
	Test type
	Test list

	UE supports only 2RX 
	PDSCH
	All tests in Clause 5.2.2

	
	PDCCH
	All tests in Clause 5.3.2

	
	PBCH
	All tests in Clause 5.4.2

	UE supports only 4RX or both 2RX and 4RX
	PDSCH
	All tests in Clause 5.2.3

	
	PDCCH
	All tests in Clause 5.3.3

	
	PBCH
	All tests in Clause 5.4.2 or 5.4.3 (Note)

	Note:	Requirements for PBCH with 4Rx is up to UE declaration






That means in certain bands (e.g. n7, n38, n41, n77, n78, n79) UE is mandated to use 4Rx and the corresponding demod test cases are designed based on the side condition of 4Rx SNR. For instance, in the section 5.2.2 and 5.2.3 of TS38.101-4, the minimum performance requirement for PDSCH are as below,
	2Rx performance requirement
	Table 5.2.2.1.1-4: Minimum performance for Rank 2
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	19.4

	2-2
	R.PDSCH.2-1.1 FDD
	20 / 30
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	19.7




	4Rx performance requirement
	Table 5.2.3.1.1-4: Minimum performance for Rank 2
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	13.5

	2-2
	R.PDSCH.2-1.1 FDD
	20 / 30
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	13.7






The side condition of 2Rx is almost 6 dB higher than 4Rx case, and therefore if UE with rank 2 is only using 2Rx for reception to save power, there is not sufficient diversity gain for UE to pass the 4Rx test cases. So it seems like that if we follow the existing demod requirement to mandate UE to use 4Rx on certain band, we cannot achieve any power saving gain from max MIMO layer adaptation from “4” to “2”. We suggest RAN4 to consider whether UE still needs to meet 4Rx demod requirement on those 4Rx-mandated bands when network configures the max_MIMO_layer_num=2 to UE to save power. 
Proposal 2: RAN4 shall consider whether UE still needs to meet 4Rx demod requirement on those 4Rx-mandated bands when network configures the max_MIMO_layer_num=2 to UE for power saving.
In our understanding, there might be three options to address this issue from standardization perspective,
Option 1: Add applicability for demod requirement to state that 4Rx demod requirement is not applicable for UE with max_MIMO_layer_num =2; and so does the test case
Option 2: set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands
Option 3: Do not recommend this max MIMO layer adaptation feature for power saving and still make 4Rx demod requirements applicable in all the cases irrespective of the configured number of MIMO layers.
We are open to discuss the above options or others to make the max MIMO layer adaptation feature useful in power saving scope.
4. Conclusion
In this contribution, we discuss the open issues in the approved wayforward[1].
Proposal 1: reuse the existing delay and interruption requirements of legacy BWP switching to case 2 (Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption).
Proposal 2: RAN4 shall consider whether UE still needs to meet 4Rx demod requirement on those 4Rx-mandated bands when network configures the max_MIMO_layer_num=2 to UE for power saving.
In our understanding, there might be three options to address this issue from standardization perspective,
Option 1: Add applicability for demod requirement to state that 4Rx demod requirement is not applicable for UE with max_MIMO_layer_num =2; and so does the test case
Option 2: set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands
Option 3: Do not recommend this max MIMO layer adaptation feature for power saving and still make 4Rx demod requirements applicable in all the cases irrespective of the configured number of MIMO layers.
We are open to discuss the above options or others to make the max MIMO layer adaptation feature useful in power saving scope.
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