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Introduction
In this contribution, we present our views on some important MIMO features for Rel-16 NR UE.
Discussion
UL Full Power Transmission
More TPMI group(s) for Mode 2 Reporting
In RAN1#99, there is a remaining issues on TPMI groups for the UE capability reporting of Mode 2, highlighted by YELLOW as follow
	Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits
· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
	4Tx, nonCoherent
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	
	G4

	
	G5

	
	G6

	
	



Definition of G0~G6 can be found in the table below.
Table 2.
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On one hand, two may TMPI groups mean two types of UE, which will lead to a fragmented market and harm the ecosystem.  On the other hand, the typical UE implementation should be supported by the TMPI reporting. 
From the UE perspective, a PA architecture of [23  20  23  20] dBm is one of such typical implementations and should be optimized for the UE capability reporting.  For the current TMPI groups, a UE with [23  20  23  20] dBm can report G1 or G6 for full power transmission. However, there are some TPMIs will suffer power loss due to the limitation in either case. 
We can see that the union set of G1 and G6 is a good TPMI groups for [23  20  23   20] dBm and avoid the above-mentioned issue. Thus we have the following proposal
Proposal 1: For the TMPI groups for UE capability reporting, support an additional group G7 as the union set of G1 and G6.

Dependency of TPMI group reporting and antenna virtualization
In the above agreement, there is another open issue: whether the TPMI group reporting is optional or mandatory given Mode 2 is reported. To be specific, the transmission Mode 2 consists of two independent features
1. Antenna virtualization
2. Full power transmission for TPMI with corresponding full-rated PA
Since this two features does not depend on each other, and they can be used separately, there is no motivation to combine them together. UE should has the flexibility to support one of the following
Antenna virtualization
Full power transmission for TPMI with corresponding full-rated PA
Antenna virtualization and Full power transmission for TPMI with corresponding full-rated PA

 Thus, we propose to support the reporting of TMPI groups is optional for a UE reporting the support of Mode 2. 
Proposal 2: The reporting of TMPI groups is optional for a UE reporting the support of Mode 2.

Simultaneous support of multiple modes
There is another issue regarding the simultaneous support of Mode 1 and Mode 2 for a given UE. However, we don’t see any motivation to support both Mode 1 and Mode 2:
From the perspective of implementation and IoDT test, it is not beneficial to support two totally redundant feature
From the perspective of network, a network supporting full UL power transmission operations should support both Mode 1 and Mode 2 since either of them is optional.
Based on the above discussion, we have the following proposal
 
Proposal 3: A UE does not support both Mode 1 and Mot 2 and can only report one the following candidates if it supports full power transmission:
{Mode 0, Mode 1, Mode 2}
Comments on the current structure
For Mode 0, all the PA are the full-rated PA. Thus for a UE with N Tx, it can support M (M<=N) Tx with full power transmission. Thus there is no need to report 2Tx_4Tx.  Moreover, the maximum number of SRS ports reported in Rel-15 already indicates 1Tx, 2Tx or 4 Tx, and the current Component 2 is redundant. 
The above discussion is also applicable to Mode 1. For Mode 2, the reported TPMI groups in Component 6 are based on 2 ports and/or 4 ports, which also indicates 2Tx, 4Tx, or 2Tx_4Tx. Thus Component 2 for Mode 2 is not needed either.
Based on the above discussions, we have the following proposal
 Proposal 4: Regarding the full power transmission, 
Remove Component 2 of mode 0 (16-5a)
Remove Component 2, 3 of mode 1 (16-5b)
Remove Component 2, 4, 5 of mode 2 (16-5c)
If the above changes are agreed, there is no need to split into 3 feature groups. Two feature groups are better
Feature group 1: Mode of full power transmission {mode 0, mode 1, mode 2}
Feature group 2: Component 3 and 6 of 16-5c    (optional,  conditioned that Mode 2 is reported)
Multiple TRP/panel transmission
Single DCI based M-TRP transmission
In Rel-15, gNB can activate at most 8 TCI states by MAC CE, and the TCI state applied for PDSCH is further indicated by DCI. The following UE capability is introduced for UE to report the maximum number of configured TCI states per CC by RRC, and the maximum number of activated TCI states per BWP per CC b MAC CE. In Rel-16, similarly at most 8 TCI states can be activated by MAC CE, and one TCI codepoint can indicated up to 2 TCI states from the activated TCI states. The UE only needs to support simultaneous detection of  PDSCHs based on up to 2 TCI states in Rel-16, and the maximum number of TCI states a UE can track is not expected to be changed. Then UE capability of “maxNumberActiveTCI-PerBWP” can also be applied to single DCI based M-TRP transmission. Considering the maximum number of TCI states configurable by RRC remains to be 128 in Rel-16, the capability of “maxNumberConfiguredTCIstatesPerCC” can also be reused. 
	tci-StatePDSCH
Defines support of TCI-States for PDSCH. The capability signalling comprises the following parameters:
-	maxNumberConfiguredTCIstatesPerCC indicates the maximum number of configured TCI-states per CC for PDSCH. For FR2, the UE is mandated to set the value to 64. For FR1, the UE is mandated to set these values to the maximum number of allowed SSBs in the supported band;
-	maxNumberActiveTCI-PerBWP indicates the maximum number of activated TCI-states per BWP per CC, including control and data. If a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE. The UE shall include this field.
Note the UE is required to track only the active TCI states.
	Band
	Yes
	No
	No



Proposal 5: The Rel-15 UE capability “tci-StatePDSCH” is also applied to single DCI based M-TRP transmission in Rel-16.
Multi-DCI based M-TRP transmission
For multiple DCIs based M-TRP transmission, a UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs. However, for case of partially overlapped PDSCHs at time and frequency domain, only part of time domain resources or frequency domain resources are overlapped between PDSCHs, which leads to different interference in different PDSCH REs. In a result, the interference measurement at UE side would be very difficult and additional complexity is needed to ensure accurate CQI estimation. Hence, support of partially overlapped PDSCHs should be an optional UE capability. Specifically, at least two cases should be considered:
Two PDSCHs are partially overlapped in frequency domain and fully/partially overlapped in time domain.
Two PDSCH are partially overlapped in time domain and fully/partially overlapped in frequency domain.
At least UE capability should be defined for the above two cases. Furthermore, in case of partially overlapped PDSCHs, different PDSCH mapping types for overlapped PDSCHs may further increase the UE complexity. It can be a component UE capability for UE supporting partially overlapped PDSCH.
Proposal 6: Support of partially overlapped PDSCHs at time and frequency domain scheduled by multiple PDCCHs should be an optional UE capability for UE supporting multi-DCI based M-TRP transmission:
· At least the following two case should be considered:
· Two PDSCHs are partially overlapped in frequency domain and fully/partially overlapped in time domain.
· Two PDSCH are partially overlapped in time domain and fully/partially overlapped in frequency domain.
· Support of PDSCH mapping type A+B for simultaneously received PDSCHs can be a component UE capability of this feature.
M-TRP transmission for URLLC
In RAN1#98bis meeting, it was agreed to introduce two patterns for TCI states mapping to repetitions: cyclical mapping and sequential mapping. 
Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not
For option 1, UE needs to switch Rx beam every slot. This may introduce additional complexity in UE implementation especially in FR2 with large subcarrier spacing. Therefore, it is proposed to support option 1 as optional UE capability and option 2 can be the default UE assumption if the corresponding RRC parameter is not configured.
Proposal 7: For TCI state mapping to PDSCH transmission occasions for scheme 4:
· Option 1 (Cyclical mapping) is optional UE capability.
· If the RRC parameter RepTCIMapping is not configured, option 2 (e.g. Sequential mapping) is used.

Multi-Beam Operation
The system can use one MAC CE to update/activate path loss RS for PUSCH and SRS as designed in release 16. For PUSCH, the MAC CE can activate/update the mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id. For SRS resource transmission, the MAC CE can activate one SRS-PathlossReferenceRS-Id to update the path loss RS for one SRS resource set. For a path loss RS that is activated for PUSCH or SRS, the UE needs to measure at least X samples of that RS before the filtered RSRP is available for path loss calculation.  Before that is available, the UE continue to use the filtered RSRP of previous path loss RS for path loss calculation.  According to the conclusion of RAN4 [4], the length of required application time for each newly activated path loss RS depends various UE implementation factors, for instance whether the TCI-state configured to the path loss is known to the UE or not, whether the UE applies Rx beam sweeping and non-availability of measurement sample due to measurement gap. Therefore, it is not feasible to specify one single value for all the UE and it is preferred for each UE to report UE-specific value.
In RAN1#100e-meeting, this is still an open issues whether the value is a fixed value or decided by UE capability reporting
	Agreement
The application timing for the newly activated PL RSs is the next slot that is 2ms after the N-th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE.
· Note: The value of N can be discussed in UE feature session. If there is no consensus on introducing UE capability for the value of N, N is fixed to 5.
· The application timing is applied to PUSCH, AP/SP-SRS and PUCCH.
· Note: Whether/how to capture above in RAN1 specification or send an LS to other WGs to suggest them to update their specifications accordingly will be decided in the next meeting.
Agreement
The following WA is confirmed with modifications (changes are marked by red):
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE
· The MAC CE message can activate/update the value ofPUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot that is 2ms after theN5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE.
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Note: The value of N can be discussed in UE feature session. If there is no consensus on introducing UE capability for the value of N, N is fixed to 5.
· Send an LS to RAN4 asking opinion on this working assumption. Note: Whether/how to capture above in RAN1 specification or send an LS to other WGs to suggest them to update their specifications accordingly will be decided in the next meeting.

Agreement
The following WA is confirmed with modifications (changes are marked by red):
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.
· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot that is 2ms after theN5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE.
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Note: The value of N can be discussed in UE feature session. If there is no consensus on introducing UE capability for the value of N, N is fixed to 5.
· Send an LS to RAN4 asking opinion on this working assumption. Note: Whether/how to capture above in RAN1 specification or send an LS to other WGs to suggest them to update their specifications accordingly will be decided in the next meeting.




Proposal 8: For MAC CE-based path loss RS activation, the UE reports the minimal application time that the UE requires.
Enhancement of MU-CSI support
One remaining issue is related with the number of PMI subbands. In RAN1 99 meeting, the following agreement was made:
	Agreement
On the # of PMI subbands: 
· Mandatory support for R=1
· Optional support for N3>19
FFS: whether it is mandatory or optional for R=2 and N3<=19
· To be discussed during the Rel-16 UE capabilitity discussions


In our view, R=2 may have limited performance gain for large bandwidth, but when Nsb < 10 the gain of R=2 is marginal. On the other hand, R=2 results some more overhead than R=1 when Nsb<10. From the UE perspective, UE has to calculate precoder per half CQI subband for R = 2, which has impact on hardware structure and double the complexity of UE implementation given N3. Therefore, it’s preferred to support R=1 as mandatory feature regardless of the value of N3, we make the following proposal:  
Proposal 9: For Rel-16 codebook, R=1 is mandatory and R=2 is optional (i.e., same as the latest version of UE feature list)
Conclusion
In this contribution, we present our view on Rel-16 NR UE features and have the following proposals:
Proposal 1: For the TMPI groups for UE capability reporting, support an additional group G7 as the union set of G1 and G6.
Proposal 2: The reporting of TMPI groups is optional for a UE reporting the support of Mode 2.
Proposal 3: A UE does not support both Mode 1 and Mot 2 and can only report one the following candidates if it supports full power transmission:
{Mode 0, Mode 1, Mode 2}
Proposal 4: Regarding the full power transmission, 
Remove Component 2 of mode 0 (16-5a)
Remove Component 2, 3 of mode 1 (16-5b)
Remove Component 2, 4, 5 of mode 2 (16-5c)
If the above changes are agreed, there is no need to split into 3 feature groups. Two feature groups are better
Feature group 1: Mode of full power transmission {mode 0, mode 1, mode 2}
Feature group 2: Component 3 and 6 of 16-5c    (optional,  conditioned that Mode 2 is reported)
Proposal 5: The Rel-15 UE capability “tci-StatePDSCH” is also applied to single DCI based M-TRP transmission in Rel-16.
Proposal 6: Support of partially overlapped PDSCHs at time and frequency domain scheduled by multiple PDCCHs should be an optional UE capability for UE supporting multi-DCI based M-TRP transmission:
· At least the following two case should be considered:
· Two PDSCHs are partially overlapped in frequency domain and fully/partially overlapped in time domain.
· Two PDSCH are partially overlapped in time domain and fully/partially overlapped in frequency domain.
· Support of PDSCH mapping type A+B for simultaneously received PDSCHs can be a component UE capability of this feature.
Proposal 7: For TCI state mapping to PDSCH transmission occasions for scheme 4:
· Option 1 (Cyclical mapping) is optional UE capability.
· If the RRC parameter RepTCIMapping is not configured, option 2 (e.g. Sequential mapping) is used.
Proposal 8: For MAC CE-based path loss RS activation, the UE reports the minimal application time that the UE requires.

Proposal 9: For Rel-16 codebook, R=1 is mandatory and R=2 is optional (i.e., same as the latest version of UE feature list).
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