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Introduction
In this contribution, we raise the issues of confusing UE behavior in CSI measurement, full power Tx and Pi/2 BPSK, and propose solutions to resolve these confusing issues. We also discuss remaining issues in UE feature list.
MU CSI: Size of intermediate set when 
When the total number of PMI subbands is greater than 19, i.e., , a two-step FD bases selection was agreed in RAN1 #97 [1]. The first step is to select an intermediate set which is common to all layers, the size of the intermediate set is agreed as follows:
1. For N3>19, IntS is window-based and fully parameterized with Minitial, indicating that the intermediate set consists of FD bases mod(Minitial + n, N3), n=0,1, …, [image: ] 
0. The value [image: ] where  is higher-layer configured from two possible values 
In RAN1 #98, it was further agreed that  is fixed to 2, but the M value above is yet to be defined. There might be two understandings: 
· Alt1: the M value above is fixed to the value in low-rank (i.e.,  and )
· Alt2: the M value above depends on the reported rank (i.e., ). 
The current spec [2, 3] follow Alt2, but it may result in a smaller window size for high rank than the low rank. 
· For instance, for rank-2, we have  and  for rank-2, it means that total 20 FD bases selected across layers should fit in a window with size . However, for rank-4, we may have  and , there are still total 20 FD bases selected across layers, but window size  seems too small. 
In our view, considering that the total number of FD bases are comparable for low rank and high rank, and the FD bases selection may vary across different layers, so Alt1 is preferred as it yields a constant window size for both low and high rank.
Another benefit of rank-common intermediate set size is lower implementation complexity. With Alt2, the UE has to recalculate the intermediate set to perform FD bases selection for RI={3,4}, such operation is unnecessary and may lead to performance loss compared to Alt1 as the size of intermediate set resulted by Alt2 is smaller than the size of intermediate set resulted by Alt1.
Based on the discussion, we observe and propose. 
Proposal 1: When , the size of the intermediate set is give by  for RI={1,2,3,4}, where  is the number of FD bases selected for RI={1,2}.
The corresponding text proposal is as follows
---------------------------------------- Start of text proposal to Section 5.2.2.2.5 in TS 38.214 ---------------------------------------
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
 vectors, , , are identified by  (for ) and where



which are indicated by means of the indices  (for ) and  , where
	

	.


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
For all values of ,  for . The nonzero elements of , identified by  are found from  , for , and from   and , for , using   as defined in 5.2.2.2.3 and the algorithm:
 
for 
[bookmark: _Hlk25261061][bookmark: _Hlk25260973]Find the largest  in Table 5.2.2.2.5-4 such that
 
 
 
if 
 
else
 
if 
 
else 
 
end if
end if
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
When  and  are known, and  are found as follows:
-	If  ,  and is not reported. , where  is given in Table 5.2.2.2.5-4 and where the indices  are assigned such that  increases as  increases.
-	If  ,  is indicated by , which is reported and given by
	
[bookmark: _Hlk21614805][bookmark: _Hlk25262195]	Only the nonzero indices , where, are reported, where the indices  are assigned such that  increases as  increases. Let
	
	then , where  is given in Table 5.2.2.2.5-4.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-------------------------------------------------------------- End of text proposal --------------------------------------------------------------

---------------------------------------- Start of text proposal to Section 6.3.2.1.2 in TS 38.212 ------------------------------------------
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Table 6.3.2.1.2-1A: PMI of codebookType= typeII-r16
	
	Information fields 

	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank=1

	4
	N/A
	N/A
	N/A
	
	
	N/A
	N/A
	N/A
	
	
	

	Rank=2

	4
	4
	N/A
	N/A
	
	
	
	N/A
	N/A
	
	
	

	Rank=3

	4
	4
	4
	N/A
	
	
	
	
	N/A
	
	
	

	Rank=4

	4
	4
	4
	4
	
	
	
	
	
	
	
	


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Table 6.3.2.1.2-2A: PMI of codebookType= typeII-PortSelection-r16
	
	Information fields 

	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank=1

	4
	N/A
	N/A
	N/A
	
	
	N/A
	N/A
	N/A
	
	
	

	Rank=2

	4
	4
	N/A
	N/A
	
	
	
	N/A
	N/A
	
	
	

	Rank=3

	4
	4
	4
	N/A
	
	
	
	
	N/A
	
	
	

	Rank=4

	4
	4
	4
	4
	
	
	
	
	
	
	
	



>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-------------------------------------------------------------- End of text proposal --------------------------------------------------------------
TPMI grouping for 4 Tx partial coherent UEs
In RAN1 99 meeting [1], the following agreement was made for TPMI grouping indication for mode 2 full power transmission. In the agreement, 4 bits signaling of TPMI groups are agreed for partial coherent 4 Tx UEs. However, only 7 groups of TPMIs are agreed and there are 9 entries in both Table 1 and Table 2 still opening. 
Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
0. Non Coherent 2 bits
0. Partial coherent 4 bits
1. Additional entries on top of existing entries may be added to table 1 and table 2
0. Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
	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.
[image: ]
Although it is up to UE implementation to use what PAs to support the precoders with full power, the common understanding established in RAN1 is that a reasonable UE will use the following PAs listed in the table to support the 7 groups of TPMIs. Please note that a pair of PAs in () in below table indicates a pair of coherent PAs. Following this notation, the first pair of coherent PAs in the first () are linked to antenna port 0 and 2. The second pair of coherent PAs in the second () are linked to antenna port 1 and 3. 
 The first issue we identified is that, in the agreement made in RAN1 99, for partial coherent 4 Tx UE, a few partial coherent precoders are missed in the agreed TPMI groups G1-G3. In the below table, the missed TPMIs are added back with highlighted colour in purple. 
	TPMI group index
	TPMIs
	PAs

	G0
	,
	(23 +17)+(17+17)dBm

	G1
	,
,,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,,
	(20+20)+(20+17) dBm

	G4
	,,,,,
	(20+20) + (17 +17) dBm

	G5
	,,,,,,,
	(20+20) + (20 + 17) dBm

	G6
	,,,,,,,
,,,,
	(20+20) + (20+20) dBm


In addition to above 7 entries, we think the following three combinations of PAs are also reasonable for 4 Tx partial coherent UEs and they should be supported in Rel-16. 
· G7: (23+20) + (17+17) dBm
· G8: (23+23) + (20+20) dBm
· G9: (23+23) + (23+23) dBm

With G7, a UE can conveniently support full power with PUCCH/PRACH by putting PUCCH/PRACH transmission on antenna port 0, without extra effort to implement S-CDD to support full power for PUCCH/PRACH. For PUSCH full power transmission, it can support G0+G4. 
With G8, the UE can support full power with any precoder in 2Tx codebook when it reduced to a 2 Tx UE in case of max number of MIMO layers is reduced to 2 in BWP switch. On top of that, as a 4 Tx UE, it can support full power with both pair of coherent PAs. When on pair of coherent antennas gets hand-blocked, it allows NW to switch precoders to transmission full power with the other pair of coherent PAs. 
With G9, the UE can support full power with any partial and noncoherent precoders either as a 4 Tx UE or reduced to a 2 Tx UE. Rel-16 should allow and support this “super UE”, which give NW full flexibility to schedule PUSCH with any precoder even at cell edge. 
With the above in mind, we propose to support the following three TMPI groups for full power transmission in mode 2 for 4 Tx partial coherent UEs. 
Proposal 2: In mode 2, to indicate full power transmission capability for 4 Tx partial coherent UE, the following 3 TPMI groups should be supported, in addition to the 7 TPMI groups agreed in RAN1 99.
	TPMI group index
	TPMIs
	Note: PAs

	G7
	,,,,
	(23+20) + (17+17) dBm

	G8
	,
,,,,,,,
,
	(23+23) + (20+20)

	G9
	 in partial/noncoherent codebooksubset for 4 Tx UE
	(23+23) + (23+23) dBm


 
Proposal 3: For 4 Tx partial coherent UEs in full power transmission mode 2, the agreed TPMI groups G1, G2, and G3 are updated as below. 
	TPMI group index
	TPMIs
	Note: PAs

	G1
	,
,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,
	(20+20)+(20+17) dBm


[bookmark: _Ref40273424][bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]PTRS sequence for PUSCH with Pi/2 BPSK modulation
In PTRS sequence generation for PUSCH with Pi/2 BPSK modulation, in TS38.211 clause 6.4.1.2.1.1, the following behaviour is specified
[bookmark: _Toc19796456][bookmark: _Toc26459682][bookmark: _Toc29230332]6.4.1.2.1.1	Sequence generation if transform precoding is not enabled


If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier  on layer  is given by
	
where
-	antenna ports [image: ] or [image: ] associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]
-	[image: ] is given by clause 6.4.1.1.1.1 

Accordingly, [image: ] is given by clause 6.4.1.1.1.1 in TS38.211 as below. 





[bookmark: _Ref37085465]6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or 0_2, or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI; 
-	 are, for each msgA PUSCH configuration, given by the higher-layer parameters msgA-scramblingID0 and msgA-scramblingID1, respectively, in the msgA-DMRS-Configuration IE if provided and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];

-	 otherwise;
-	 and  are given by
-	if the higher-layer parameter DMRSuplink-r16 in the DMRS-UplinkConfig IE is provided

	where  is the CDM group defined in clause 6.4.1.1.3.
-	otherwise 

The quantity  is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 or 0_2, in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant, otherwise .

When Pi/2 BPSK is used for the PUSCH transmission, i.e., DMRSuplink-r16 in the DMRS-UplinkConfig IE is provided, different DMRS sequence [image: ] is generated on different DMRS ports associated with different CDM group . It might be straightforward. But the specification in clause 6.4.1.2.1.1 does not clearly specify [image: ] for a PTRS port [image: ] or [image: ] is based on which CDM group. To clarifying this issue, a simple TP can adopt as proposed below
Proposal 4: Adopt the following TP for Section 6.4.1.2.1.1 of TS38.211
[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344][bookmark: OLE_LINK4]-----------------------------------------------------------------------------------------------------------------------------------------------------
< Unchanged parts are omitted >
6.4.1.2.1.1	Sequence generation if transform precoding is not enabled


If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier  on layer  is given by
	
where
-	antenna ports [image: ] or [image: ] associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]
-	[image: ] is given by clause 6.4.1.1.1.1 based on the CDM group index  associated with  or  respectively.
< Unchanged parts are omitted >
-----------------------------------------------------------------------------------------------------------------------------------------------------
Conclusion
In this contribution, we discuss the remaining UE capability issues related to Type II CSI enhancement
 we propose the following proposal with corresponding text proposals in Sections 2 and 3.
Proposal 1: When , the size of the intermediate set is give by  for RI={1,2,3,4}, where  is the number of FD bases selected for RI={1,2}.
For UL full power transmission, we propose the following. 
Proposal 2: In mode 2, to indicate full power transmission capability for 4 Tx partial coherent UE, the following 3 TPMI groups should be supported, in addition to the 7 TPMI groups agreed in RAN1 99.
	TPMI group index
	TPMIs
	Note: PAs

	G7
	,,,,
	(23+20) + (17+17) dBm

	G8
	,
,,,,,,,
,
	(23+23) + (20+20)

	G9
	 in partial/noncoherent codebooksubset for 4 Tx UE
	(23+23) + (23+23) dBm


 
Proposal 3: For 4 Tx partial coherent UEs in full power transmission mode 2, the agreed TPMI groups G1, G2, and G3 are updated as below. 
	TPMI group index
	TPMIs
	Note: PAs

	G1
	,
,,,
	(23+23)+(17+17) dBm

	G2
	,,,
,,,
	(23+23)+(23+17) dBm

	G3
	,,
,,,
	(20+20)+(20+17) dBm


For low PAPR RS, we propose the following.
Proposal 4: Adopt the following TP for Section 6.4.1.2.1.1 of TS38.211
-----------------------------------------------------------------------------------------------------------------------------------------------------
< Unchanged parts are omitted >
6.4.1.2.1.1	Sequence generation if transform precoding is not enabled


If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier  on layer  is given by
	
where
-	antenna ports [image: ] or [image: ] associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]
-	[image: ] is given by clause 6.4.1.1.1.1 based on the CDM group index  associated with  or  respectively.
< Unchanged parts are omitted >
-----------------------------------------------------------------------------------------------------------------------------------------------------
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TPMI Groups   

G0  1 2 ൦ 1 0 0 0 ൪  

G1  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ }  

G2  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   :  1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G3  { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G4  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; 1 2 ൦ 1 0 0 0 0 1 0 0 ൪  

G5  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G6  ൞ 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ ൢ ; { 1 2 ൦ 0 1 0 1 ൪ , 1 2 ൦ 0 1 0 − 1 ൪ , 1 2 ൦ 0 1 0 𝑗 ൪ , 1 2 ൦ 0 1 0 − 𝑗 ൪ } ;   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 0 0 1 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 1 0 0 0 0 0 0 1 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 0 0 1 0 0 1 ൪ } ; 1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  
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