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Introduction
A number of agreements were reached in previous meetings:
From RAN1 #97
Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability

From RAN1 #98
Agreement
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 
· FFS for the case that part of ports can deliver full power transmission

Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15
· at least includes, rank 3 TPMI=1 defined in Rel-15

Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
· FFS: Details on UE capability signalling 

Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports

Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’

From RAN1 #98-bis
Agreement
For 2Tx in mode 1, 
· [bookmark: OLE_LINK10]For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 
· For rank=2, TPMI=0 is included in the new codebook subset

Agreement
For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor
· FFS: Whether to include antenna selection precoders for full power uplink transmission

Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed

Agreement
For Mode2, 
· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx
· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports
· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

In this contribution, we discuss remaining details of mode 1 and UE capability signalling.
Remaining issues of Mode 1 for UE capability 2 and 3
According to agreement and discussion so far, it still not clear how mode 1 supports full power transmission for capability 3 UE using single antenna port. The details involves TMPI selection and power scaling. We will address these issues in this section.

As the required TPMI for supporting full Tx power UL may be different for different combination of UE’s coherence {partial-coherent, non-coherent} and UE’s PA capability {capability 2, capability 3}. We discuss the 2Tx/4Tx cases in following subsections considering those combinations.
Port mapping and DCI overhead
Port mapping assumption
Due to various PA configurations are possible at UE, it will be beneficial to letting gNB know which TPMIs are appropriate for UE’s architecture. For example, a capability 3 non-coherent 4Tx UE has PA configuration [23dBm, 20dBm, 20dBm, 20dBm] or [20dBm, 23dBm, 20dBm, 20dBm], which may prefer using antenna selection precoder [1,0,0,0] and [0,1,0,0], respectively, for full Tx power transmission. However, reporting or including all possible TPMIs incurs too much signalling overhead. 

To deal with large overhead issue for full UL power transmission but also support some flexibility, we can include a subset of TPMIs which implicitly defines a port mapping rule and no extra signalling overhead is required. In fact, Rel-15 uses similar approach for selecting coherent port pairs (for partial coherent UE) by mapping the antennas in the same coherent group to even or odd port indices. For example, TPMI=4 () and TPMI=8 () are belong to two different coherent groups.

To handle situation like capability 3, UE can arrange antenna port mapping such that the more powerful PA is assigned to a lower index port. This limits the number of combinations (therefore reduce overhead) while keeps freedom for the implementation without disclosure details. As in previous example of non-coherent UE with capability 3, including [1,0,0,0] in the new codebook subset is sufficient and  [0,1,0,0] is not needed. 

Proposal 1: To facilitate full Tx power transmission, arrange antenna port such that the PA output power is non-increasing with the port index for non-coherent/partial-coherent UE

DCI size
[bookmark: OLE_LINK2][bookmark: _GoBack]As mode 1 is intended for capability 2 and 3 UE, who is only capable for non-coherent or partial-coherent transmission (note that if UE is capable for full-coherent, there is always a non-antenna-selection precoder in Rel-15 codebook can achieve full power for gNB to choose from), performance of some precoders are not distinguishable. For example, for 4Tx non-coherent UE, [1,1,1,-1] and [1,1,j,j] should have similar performance statistically. In order to avoid additional overhead, we should use the same TPMI size in DCI as in Rel-15. Table 1 (2Tx) and Table 2 (4Tx) summarize the number of codewords can be supported the number of bits in DCI in Rel-15.

[bookmark: _Ref20734639]Table 1. Allowed number of codewords according to UE capability and rank (2Tx) in Rel-15
	Rank
	Non Coherent

	1
	2

	2
	1

	Overall
	3  (DCI=2bits)



[bookmark: _Ref20734668]Table 2. Allowed number of codewords according to UE capability and rank (4Tx) in Rel-15
	Rank
	Partially Coherent 
	Non Coherent

	1
	12
	4

	2
	14
	6

	3
	3
	1

	4
	3
	1

	Overall
	32 (DCI=5bits)
	12 (DCI=4bits)



In RAN1#98-bis meeting, it is agreed to include rank1 TPMI=0,1,2 in new non-coherent codebook subset for 2TX. It is still within the 2-bit budget in Table 1.We think for 4Tx, new codebook subset should be considered based on number in Table 2.
Proposal 2:  TPMI overhead in DCI need to be considered for new codebook subset
· Use Rel-15 number in Table 2 as a baseline for 4Tx
2TX
In RAN1#98 meeting, it is agreed to include TMPI=0,1 in new codebook subset with same power scaling as Rel-15. This implies no full power can be delivered by using those TPMIs. It is still not clear whether it allows full power transmission for a capability 3 UE by using those TPMIs. In our view, some of those antenna selection TPMIs are still useful for delivering full UL power (for capability 3) and should be considered. In order to do that, a correct power scaling factor (=1) need to be applied which is based UE’s capability accordingly.
Table 3 summarizes 2Tx precoders in new codebook subset and their use case for capability 2 and capability 3. Note that by reporting capability 3 and assuming the port mapping rule as in Proposal 1, gNB/UE have enough knowledge to know that TPMI=0 is able to support full power and should apply power scaling factor=1. 
[bookmark: _Ref20735571]Table 3. Precoder for non-coherent 2TX UE
	Rank
	TPMI
	Support full power for UE capability 2
	Support full power for UE capability 3

	1
	  (TPMI=2)
	Yes
	Yes

	1
	  (TPMI=0)
	No
	Yes (scaling=1)

	1
	  (TPMI=1)
	No
	No

	2
	 (TPMI=0)
	Yes
	Yes



4TX
Non-coherent UE
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For non-coherent UE, coherent combine between antenna ports cannot be guaranteed. For capability 2 UE, at least one non-antenna-selection precoder should be included in the new codebook subset. For capability 3 UE, single-antenna-selection precoder and non-antenna-selection precoder both can be used for full power transmission. Following the same reason in 2TX case, is able to deliver full power for capability 3 UE so should be included. In summary, the TMPIs in Table 4 should to be included in new codebook subset which is still within the budget of Table 2.

[bookmark: _Ref20740005]Table 4. Precoder to be included for non-coherent 4TX UE
	Rank
	TPMI
	Support full power for UE capability 2
	Support full power for UE capability 3
	Notes

	1
	  (TPMI=13)
	Yes
	Yes
	Agreed in RAN1#98. 


	1
	  (TPMI=0)
	No
	Yes (scaling=1)
	

	2
	 (TPMI=6)
	Yes
	Yes
	Agreed in RAN1#98. 


	2
	 (TPMI=0)
	No
	Yes (scaling=1)
	

	3
	 (TPMI=1)

	Yes
	Yes
	Agreed in RAN1#98. 




Partial-coherent UE
TPMIs for non-coherent UE are also applicable for partial-coherent UE for achieving full TX power. As partial-coherent UE has some subset antenna ports which are capable for coherent transmission, other TPMIs in additional to Table 4 can be considered in the new codebook subset as long as they can fit in the number given in Table 2. For (subset) antenna selection precoder, we can consider precoders in which port 0 always being selected. Such precoders are provided in Table 5 considering the signalling budget in Table 2.
[bookmark: _Ref20744570]Table 5. Precoder to be included for partial-coherent 4TX UE
	Rank
	TPMI 
	Support full power for UE capability 2
	Support full power for UE capability 3
	Notes

	1
	For CP-OFDM:
  (TPMI=12),    (TPMI=13),
  (TPMI=14),  (TPMI=15)
	Yes
	Yes
	Agreed in RAN1#98-bis

	1
	For DFT-s-OFDM:
  (TPMI=12),    (TPMI=13),
  (TPMI=14),  (TPMI=15),
  (TPMI=16),  (TPMI=18), 
	Yes
	Yes
	TPMI=12-15 are agreed in RAN1#98-bis

	1
	  (TPMI=0)
	No
	Yes (scaling=1)
	

	1
	  (TPMI=4),   (TPMI=5),
  (TPMI=6),   (TPMI=7)
	No
	[bookmark: OLE_LINK1][bookmark: OLE_LINK8]Yes (scaling=1)
	

	2
	TPMI=6 to TPMI=13
	Yes
	Yes
	All antenna are selected across 2 layers.



Proposal 3: TPMIs in Table 3-Table 5 are supported in new codebook sebset
· A single new codebook sebset is used for both capability 2 and capability 3
· Antenna selection precoders can be used for capability 3 UE to deliver full UL power
Power scaling for mode 1
Mode 1 should be a complete solution for both capability 2 and capability 3 UE. That is said, for a capability 3 UE, new codebook subset should include at least one TPMI that chooses a single antenna for full power transmission. In order to do that, the power scaling for those TPMIs should be set to 1 (see “scaling=1” for those TPMIs in Table 3-Table 5).
Proposal 4: In mode 1, power scaling factor is set to 1 for the TPMI precoders that supports full power transmission. 

Discussion on UE capability signalling
According to RAN1 discussion so far, we think UE capability should include the following parameters (the actual name can further discuss) to make system work:
· UL coherence (already exist in Rel-15): {full-coherent, partial-coherent, non-coherent}
· Full power capability: {capability1, capability2, capability3} 
a. For capability2 and capability3 UE, it also reports the support mode: {mode1, mode2, mode1_mode2}
b. For UE can support mode2, it (optionally) report a bitmap indicating TPMIs that can support full power

Based on those report capability, gNB and UE should have common understanding of what configuration (e.g., RRC configuration and TPMI) can trigger full UL power transmission and what power scaling factor is used.
From our view, mode 1 can be considered a low overhead approach (only codebook subset change) and mode 2 is more flexible but higher overhead (involving SRS-config in RRC and SRI size).

Conclusion
Proposal 1: To facilitate full Tx power transmission, arrange antenna port such that the PA output power is non-increasing with the port index for non-coherent/partial-coherent UE

Proposal 2:  TPMI overhead in DCI need to be considered for new codebook subset
· Use Rel-15 number in Table 2 as a baseline for 4Tx
Proposal 3: TPMIs in Table 3-Table 5 are supported in new codebook sebset
· A single new codebook sebset is used for both capability 2 and capability 3
· Antenna selection precoders can be used for capability 3 UE to deliver full UL power

Proposal 4: In mode 1, power scaling factor is set to 1 for the TPMI precoders that supports full power transmission.



