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Introduction

In RAN4 #94e-bis, a WF on performance requirements of UE power saving was agreed [1]. The identified issues are: 
· To decide in RAN4#95 meeting on whether to define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.
a) Option 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.
b) Option 2: No new requirements are needed.
· Applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption.
a) Option 2: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands
b) Option 3: Do not define any demodulation requirements for max MIMO layer adaptation feature for power saving. No any clarification or configuration is needed in the specification for the existing demodulation requirements. Clarify the UE behavior in RAN2 specification for the IE configuration on max MIMO layer. 
c) Option 4: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands, and further clarify that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2, and no additional test case for this is added in R16. 
· Observation: Test cases applied for 4Rx-mandated bands are applicable to scenarios with no maxMIMO-Layers-r16 or maxMIMO-Layers-r16=4 configured.
· Decide in RAN4#95 on how to handle the clarification on applicability.
· Whether to introduce a test case to ensure that the performance loss of UE is acceptable under fallback mode. 
a) To be decided in RAN4#95-e meeting.
This contribution provides our views on related demod requirement impact due to MIMO layer adaptation.
Discussion
On whether joint test case for PDCCH-WUS and PDCCH is needed
In last meeting, there were discussions on whether test cases is needed for PDCCH-WUS, i.e. DCI 2-6 or DCP. Based on definition of its format, content and aggregation level, PDCCH-WUS seems to be just an ordinary PDCCH. Moreover, if ps-Wakeup is set to true, i.e. UE need to wake up if PDCCH-WUS is missed, there is no need to define test case, because the impact of missing PDCCH-WUS is only reduction in UE power saving gain. However, the default behaviour defined in RAN1/RAN2 spec, i.e no configuration of ps-Wakeup, is not-to-wakeup if PDCCH-WUS is missed. For this case, in our view, whether additional test case is needed may need careful consideration.
Based on current RAN1/RAN2 spec, reception of PDCCH-WUS happens in DRX-OFF. From RAN4 point of view, the default UE behaviour in DRX-OFF considered in R15 cannot guarantee the needed side condition for ordinary PDCCH decoding performance. For UE in DRX-OFF state, as defined in RRM specs, UE is able to, but is not required to perform RLM/BFD, which is different from DRX-ON. Therefore, the assumed UE behaviour for PDCCH-WUS reception is unclear. There are two different understandings:
Understanding 1: UE wake up before DRX-ON to directly detect PDCCH-WUS, without checking the availability of TCI-state of the corresponding CORESET, i.e. signal quality of some TRS or SSB. In this case, due to potential mobility, we do not think the condition of PDCCH-WUS detection can be always same as ordinary PDCCH in realistic deployment, even if network configures L1-RSRP or CSI reports. Therefore, based on this understanding, the performance of PDCCH-WUS detection cannot be guaranteed.
Understanding 2: UE wake up before DRX-ON to firstly check the availability of TCI-state of the corresponding CORESET carrying PDCCH-WUS. If not, for example UE may signal either re-establishment request or beam failure recovery request, so that some new RRC connection or TCI state can be configured to UE. In this case, the performance of PDCCH-WUS and the on-duration PDCCH can be guaranteed, but clearly it is some new UE behaviour which is different from ordinary PDCCH detection. Therefore some new test case is needed.
Based on above analysis, we have the following proposal:
Proposal 1 For the case that ps-Wakeup is not configured, which is a default case, joint test case is needed to guarantee PDCCH-WUS detection performance.

On applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption
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.
· To further introduce flexibility, in current 38.331r16 [2], 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 absent or configured the same as max MIMO layers supported by the UE, i.e. MIMO-LayersDL in the UE capability signalling. If smaller maxMIMO-Layers-r16 is configured to be smaller than MIMO-LayersDL, it means UE can turn off some RX chains to save power.

In [4] and [5], 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 last RAN4 meeting, it was clarified that currently max_DL_MIMO_layer is not configured in the test cases. Therefore, UE may consider max_DL_MIMO_layer = 4 for the band UE supporting 4Rx.That means 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.
However, above understanding comes from the default value in RAN5 specs, as discussed in las meeting. In our view, MIMO layer adaptation is an important feature to reduce UE power when some specific condition is met, e.g. UE is in good coverage and the downlink data rate is not high, while such judgement can be better made by network. Therefore, it is better to explicitly specify in the spec that UE is allowed to turn-off Rx chains if max_DL_MIMO_layer is configured to be less than the UE capability. The best way to support this is to add some restrictions or clarifications in current 38.101-4[5]. 
Additionally, in last meeting WF, companies are encouraged to provide analysis on whether additional test cases are needed. In our view, there is totally no need to introduce any new test case. UE behaviour is simple. If max_DL_MIMO_layer=2 is configured for some 4-Rx mandated band, UE behaviour is just to turn-off 2Rx. If there are some companies still not comfortable on this, our compromised proposal is also add some test case applicabilities to the fall back mode, i.e. reuse 2Rx test cases when for max_DL_MIMO_layer=2 is configured for 4-Rx mandated band.
[bookmark: _GoBack]Regarding to PDCCH and PBCH requirements, since the motivation of the test is not relevant to max_DL_MIMO_layer configuration, and clearly max_DL_MIMO_layer is not configured, we are fine with not setting any notes on these requirements.
One text proposal is provided as below.
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 (Note 1)

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 2)

PDCCH
All tests in Clause 5.3.3

PBCH
All tests in Clause 5.4.2 or 5.4.3 (Note 31)
Note 1:   Also applicable when maxMIMO-Layers-r16 in PDSCH-config is set to 2 if UE supports only 4RX or both 2RX and 4RX.
Note 2:   Applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4.
Note 3:	Requirements for PBCH with 4Rx is up to UE declaration


Proposal 2: Add a note to clarify that 4Rx PDSCH requirements are applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4. And no new test case is defined for fall back mode.
Compromised proposal 2a: Adopt the text proposal, i.e. add some notes to clarify that 4Rx PDSCH requirements are applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4, and 2Rx PDSCH requirements are also applicable when max_DL_MIMO_layer is set to 2 for 4Rx-capable UEs. 
Conclusion
In this paper, we provide our views on the remaining issues in NR HST. We provide the following proposals and observations:
Proposal 1 For the case that ps-Wakeup is not configured, which is a default case, joint test case is needed to guarantee PDCCH-WUS detection performance.
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: Add a note to clarify that 4Rx PDSCH requirements are applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4. And no new test case is defined for fall back mode.
Compromised proposal 2a: Adopt the text proposal, i.e. add some notes to clarify that 4Rx PDSCH requirements are applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4, and 2Rx PDSCH requirements are also applicable when max_DL_MIMO_layer is set to 2 for 4Rx-capable UEs. 
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 (Note 1)

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 2)

PDCCH
All tests in Clause 5.3.3

PBCH
All tests in Clause 5.4.2 or 5.4.3 (Note 31)
Note 1:   Also applicable when maxMIMO-Layers-r16 in PDSCH-config is set to 2 if UE supports only 4RX or both 2RX and 4RX.
Note 2:   Applicable when maxMIMO-Layers-r16 in PDSCH-config is not present or set to 4.
Note 3:	Requirements for PBCH with 4Rx is up to UE declaration
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