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Introduction
According to the WID[1], one bullet is adaptation of max MIMO layers on different BWPs:
· 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] 

Moreover, in the performance phase, the WID includes
Specify necessary performance requirements related to the above-mentioned core requirements [RAN4]
· UE performance requirements
· UE RRM performance requirements

In RAN4 #92bis, there was an LS from RAN1[2].
For downlink MIMO layer adaptation
Agreement (RAN1#98)
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2
Agreement (RAN1#98bis)
· The configured per-BWP DL max MIMO layer value is expected to be less than or equal to the per-cell configured DL Max MIMO layer value (if configured).

This contribution provides our views on related demod requirement impact due to MIMO layer adaptation.
Discussion
On MIMO layer adaptation for R16 UE power saving
In R16, MIMO layer adaptation was introduced to save UE power. The main conclusions are listed below.
· For 4-Rx capable UE, support network-controlled DL RX chains turn-off to save UE power, e.g. 4RX to 2RX, by indication of max DL MIMO layer. However, as discussed in RAN1/RAN2, this feature can be supported without revising current specs. We think RAN4 should also check whether current 38.101-4 can support such feature.
· To further introduce flexibility, in current 38.331r16 [3], this indication is enhanced as ‘maxMIMO-Layers-r16’ at BWP-level, i.e. in PDSCH-config, as follows.
    maxMIMO-Layers-r16                      INTEGER (1..8)         OPTIONAL,   -- Need M
…
maxMIMO-Layers
Indicates the maximum MIMO layer configuration for a DL BWP. If present, this value overrides the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. If absent, the UE uses the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. The value of maxMIMO-Layers for a DL BWP shall be smaller than or equal to the value of maxMIMO-Layers configured in IE PDSCH-ServingCellConfig (if present).


Based on above spec, maxMIMO-Layers-r16 for a certain BWP should be equal or smaller than the maxMIMO-Layers in PDSCH-ServingCellConfig, while the later one, in most use cases, should be configured the same as max MIMO layers supported by the UE, i.e. MIMO-LayersDL in the UE capability signalling. Also, in some other use cases, based on 38.331 R15[4], maxMIMO-Layers in PDSCH-ServingCellConfig is also allowed to be configured smaller than MIMO-LayersDL. If smaller maxMIMO-Layers can be configured, it means UE can turn off some RX chains to save power. Therefore, we have the following proposal.
Proposal 1: In R16 UE power saving, DL RX chains turn-off, e.g. 4RX to 2RX, is already supported by indication of max DL MIMO layer in 38.331. RAN4 needs to check whether current 38.101-4 needs to be revised to better support such feature.

On demod requirements in current 38.101-4
In [5] and [6], section 5.1.1.2, the following applicability rule is defined.
[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


Furthermore, in the detailed PDSCH demod requirements, the requirement is defined based on the max number of MIMO layers supported in the UE capability. For example, in section 5.2.3.1.1 requirement for PDSCH mapping type A. for a 4 RX-capable UE, the requirement is defined for rank1/2/3/4. On the other hand, the side condition for the 4RX case is higher than 2RX case, which means UE cannot turn off any RX chains. In this case, we can infer that max DL MIMO layer configured in PDSCH-ServingCellConfig for this UE should be also 4 in the test. Therefore, there is no explicit requirement defined when a 4-RX capable UE is configured with max DL MIMO layer = 2 in current spec. 
Observation 1: In current 38.101-4, there is no explicit requirement defined when a 4-RX capable UE is configured with max DL MIMO layer = 2.
[bookmark: _Toc21338179][bookmark: _Toc29808287]5.2.3.1.1	Minimum requirements for PDSCH Mapping Type A
The performance requirements are specified in Table 5.2.3.1.1-3, Table 5.2.3.1.1-4, Table 5.2.3.1.1-5 and Table 5.2.3.1.1-6, with the addition of test parameters in Table 5.2.3.1.1-2 and the downlink physical channel setup according to Annex C.3.1.
The test purposes are specified in Table 5.2.3.1.1-1.
Table 5.2.3.1.1-1: Tests purpose
Purpose
Test index
Verify the PDSCH mapping Type A normal performance under 4 receive antenna conditions and with different channel models, MCSs and number of MIMO layers
1-1, 1-2, 1-3, 1-5, 2-1, 2-2, 3-1, 4-1
Verify the PDSCH mapping Type A HARQ soft combining performance under 4 receive antenna conditions.
1-4
Verify the PDSCH mapping Type A performance requirements for Enhanced Receiver Type 1 under 4 receive antenna conditions.
5-1

…
Table 5.2.3.1.1-5: Minimum performance for Rank 3
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)
3-1
R.PDSCH.1-2.3 FDD
10 / 15
16QAM, 0.48
TDLA30-10
4x4, ULA Low
70
11.0

Table 5.2.3.1.1-6: Minimum performance for Rank 4
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)
4-1
R.PDSCH.1-2.4 FDD
10 / 15
16QAM, 0.48
TDLA30-10
4x4, ULA Low
70
15.6

Table 5.2.3.1.1-7: Minimum performance for Rank 3 and Enhanced Receiver Type 1
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)
5-1
R.PDSCH.1-2.3 FDD
10 / 15
16QAM, 0.48
TDLA30-10
4x4, ULA Medium A
70
22.3


Based on above observation, generally there could be three different understandings:
Understanding 1: No requirement means such case is feasible, but it is not necessary to be tested. Therefore, when network configured such case, the performance is up to UE implementation. From RAN4 requirement point of view, it is sufficient to test max DL MIMO layers =2 for 2-RX capable UE, and max DL MIMO layer = 4 for 4-RX capable UE.
Understanding 2: No requirement means such case is not a supported case in R15 RAN4 specs. It is risky for network to enable such feature since there is no requirements.
Understanding 3: No requirement means 4-RX capable UE still need to meet requirements in the table defined for 4-RX capable UEs, when network configured max DL MIMO layer = 2. However, since max DL MIMO layers =2, only Rank1/Rank2 requirements are applied.
If understanding 1 is the RAN4 common understanding, then R16 MIMO layer adaptation can be supported in the current spec. However, if either understand 2 or understanding 3 is the RAN4 common understanding, then R16 MIMO layer adaptation is still not well supported by current spec. In our view, clarification is needed on this issue.
Proposal 2: Clarification is needed for the demod requirement of 4-RX capable UEs when max DL MIMO layer = 2 is configured.

Text proposal to clarify requirements for 4-RX capable UEs
In our view, to save spec workload, the most straightforward way to support R16 MIMO layer adaptation is to add a note in current 38.101-4 [6]. The note is to clarify that the max DL MIMO layer =4 is set in the all related tests for 4-RX capable UE, and when max DL MIMO layer is less than 4, network assume that UE can meet the requirement for less RX, i.e. 2RX or 1RX. Moreover, to obtain power saving gain, less RX should be also applied to PDCCH and PBCH demod requirements.
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 (Note 1)

PDCCH
All tests in Clause 5.3.3 (Note 1)

PBCH
All tests in Clause 5.4.2 or 5.4.3 (Note 1,2)
Note 1:   The max DL MIMO layer is set to 4 in the all tests. When max DL MIMO layer is set to 2, it is expected that UE at least meet 2RX requirements. The max DL MIMO layer is maxMIMO-Layers in PDSCH-ServingCellConfig or maxMIMO-Layers-r16 in PDSCH-config as defined in TS 38.331.
Note 2:	Requirements for PBCH with 4Rx is up to UE declaration


Proposal 3: Adopt above text proposal, i.e. add a note to clarify that 4-RX capable UEs do not need to meet the requirement for 4RX when max DL MIMO layer is set to less than 4.

Conclusion
In this paper, we provide our views on the remaining issues in NR HST. We provide the following proposals and observations:
Proposal 1: In R16 UE power saving, DL RX chains turn-off, e.g. 4RX to 2RX, is already supported by indication of max DL MIMO layer in 38.331. RAN4 needs to check whether current 38.101-4 needs to be revised to better support such feature.
Observation 1: In current 38.101-4, there is no explicit requirement defined when a 4-RX capable UE is configured with max DL MIMO layer = 2.
Proposal 2: Clarification is needed for the demod requirement of 4-RX capable UEs when max DL MIMO layer = 2 is configured.
[bookmark: _GoBack]Proposal 3: Adopt above text proposal, i.e. add a note to clarify that 4-RX capable UEs do not need to meet the requirement for 4RX when max DL MIMO layer is set to less than 4.
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