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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 TPMI 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 TPMI 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 TPMI 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 TPMI groups for UE capability reporting, support an additional group G7 as the union set of G1 and G6.

UL full power transmission UE features
The UE feature is separated into 3 FGs as follows. We provide some views on the feature groups for UL full power transmissions.
	16-5a
	UL full power transmission [mode 0]
	1. Supported UL full power transmission [mode 0]

	16-5b
	UL full power transmission mode 1
	1. Supported UL full power transmission mode 1
1. Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}
1. FFS: New UL codebook set(s) per supported Tx

	16-5c
	[UL full power transmission mode 2]
	1. [Supported UL full power transmission mode 2
1. Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}
1. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. FFS on details for supported number of Tx.
1. FFS: Number of ports per SRS resource
1. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
1. TPMI group which delivers full power. FFS on details for supported number of Tx.
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]



For 16-5b“UL full power transmission mode 1”, the new UL codebook set(s) is specified in the spec and is not needed to report as UE capability and component 3 can be removed.
As we mentioned before, there are two sub-features for 16-5c“UL full power transmission mode 2”:
· Sub-feature 1:  virtualization based operation (SRS resources with different numbers of SRS ports). Although antenna virtualization is not always in sub-feature 1, we just borrow the word “virtualization” here for convenience.  
· Sub-feature 2: TPMI-reporting based operation.
These two sub-features can work independently. Here are some examples for different UE implementations. For UE with 4Tx and power class 3, a PA architecture of [17 17 17 17] dBm can support full power transmission via virtualization based operation which is named as sub-feature 1. Also a PA architecture of [23 23 17 17] dBm can support full power transmission via TPMI-reporting based operation listed which is named as sub-feature 2. For UE with 2 Tx and power class 3, a PA architecture [23 20] can support full power transmission via TPMI-reporting based operation named sub-feature 2. For UE with 2 Tx, it does not need to support sub-feature 1 since 1-port transmission scheduled by DCI 0_0 can achieve full power transmission.
Thus for UEs with different implementations, they will report different UE capabilities. So it is beneficial to split the FG.
Based on the above discussions, we have the following proposal
Proposal 2: Regarding the full power transmission, 
mode 0/1/2 can be replaced by RRC parameters as fullpower/fullpowerMode1/fullpowerMode2
Remove Component  3 of mode 1 (16-5b)
Remove Component  4 of mode 2 (16-5c)
Split mode 2 into two sub-features or the two sub-features can be reported separately as UE capability since they can work independently.
Sub-feature 1: Component 3 of 16-5c
Sub-feature 2: Component 6 of 16-5c    
If Component 3 and Component 6 in a FG, Rel-16 allows that they can be reported independently. 
Multiple 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 3: For TCI state mapping to PDSCH transmission occasions for scheme 4:
UE is not mandated to both support cyclical supporting and sequential mapping.
Option 1 (Cyclical mapping) is optional UE capability.
MU-CSI
The UE feature for MU-CSI is as follows
	16-3a
	Regular eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} 
to support regular eType-II for R=1
2. Support of parameter combination525s  1-6
3. Support of rank 1,2
4. FFS: CBSR with hard amplitude restriction

	16-3b
	Port selection eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} 
to support port selection eType-II for R=1
2. 6 parameter combinations (combos with L=6 don’t apply) 
3. Support of rank 1,2



In recent meeting, Rel.16 new UE capability for Rel.15 codebook are discussed. It’s natural to have a similar UE capability for eType II codebook, that is, per band and per BC capability.
Proposal 4: Support per band and per BC capability for FG16-3a/3b.

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: Regarding the full power transmission, 
mode 0/1/2 can be replaced by RRC parameters as fullpower/fullpowerMode1/fullpowerMode2
Remove Component  3 of mode 1 (16-5b)
Remove Component  4 of mode 2 (16-5c)
Split mode 2 into two sub-features or the two sub-features can be reported separately as UE capability since they can work independently.
Sub-feature 1: Component 3 of 16-5c
Sub-feature 2: Component 6 of 16-5c    
[bookmark: _GoBack]If Component 3 and Component 6 in a FG, Rel-16 allows that they can be reported independently.
Proposal 3: For TCI state mapping to PDSCH transmission occasions for scheme 4:
UE is not mandated to both support cyclical supporting and sequential mapping.
Option 1 (Cyclical mapping) is optional UE capability.
Proposal 4: Support per band and per BC capability for FG16-3a/3b.
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