
Page 1

[bookmark: _Hlk32525465][bookmark: _Ref462675860]3GPP TSG RAN WG1 #101			R1-2004465
e-Meeting, May 25th – June 5th, 2020
[bookmark: Source]Agenda item:	7.2.6.4
Source: 	Qualcomm Incorporated
Title: 	Remaining issues on full power UL transmissions
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref465963108]Introduction
In this contribution, two remaining issues on full power UL transmissions are discussed. 
In this contribution, Section 2 discusses the remaining open issue on TPMI grouping in mode 2 for 4 Tx partial coherent UEs and proposed 3 more codepoint on TPMI group. Section 3 proposes a TP to fix a bug in power scaling for PUSCH scheduled with DCI format 0_0, which has inconsistent UE behavior between Rel-15 and Rel-16. Conclusions are drawn in Section 4. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]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 1: 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 2: 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: _Ref40274058]TP to fix power scaling of PUSCH scheduled with DCI 0_0
For UL full power transmission specified in TS 38.213 spec, a bug related to PUSCH scheduled with fallback DCI format 0_0 is spotted. 
In the following TS 38.213 spec V16.0.0, for a PUSCH schedule by fallback DCI 0_0, assuming ULFPTx in PUSCH-Config is NOT provided (meaning this Rel-16 UE does not support UL full power feature), then UE will do follow “else” branch, which is highlighted by blue color. Suppose this UE is configured with a SRS resource which has two SRS ports (to support layer 2 MIMO with nonfallback DCI). Then for PUSCH scheduled with fallback DCI format 0_0, the power scaling factor is 0.5 and this UE has to backoff 3dB with respect to full power, which is inconsistent with Rel-15 UE behavior with fallback DCI 0_0.
[bookmark: _Toc29917267][bookmark: _Toc29899530][bookmark: _Toc29899112][bookmark: _Toc29894813][bookmark: _Toc26719382][bookmark: _Toc20311557][bookmark: _Toc12021445]7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-    if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
-     if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-     if ULFPTxModes in PUSCH-Config is set to Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', and 
-     if ULFPTxModes in PUSCH-Config is not provided, 
-    else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

Please note that in Rel-15, the power scaling factor does not apply to fallback DCI 0_0, please see the following Rel-15 TS 38.213 spec. Because this text in Rel 15 spec, “For a PUSCH transmission scheduled by a DCI format 0_1”, the power scaling does not apply to PUSCH scheduled by DCI format 0_0. Therefore, in Rel-15, PUSCH scheduled by DCI format 0_0 does not apply power scaling or equivalently set power scaling factor equals to one. 
7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Subclause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Subclause 7.1.1. For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook' and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.

Looking at the difference between Rel-15 and Rel-16 spec, which is highlighted by yellow color, the bug is introduced because Rel-16 spec does not exclude power scaling applying on fallback DCI format 0_0. To resolve the inconsistency between Rel-15 and Rel-16, a simple bug fix could be adopting the following proposal.
Proposal 3: Adopt the following TP for Section 7.1 of TS38.213
[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344][bookmark: OLE_LINK4]-----------------------------------------------------------------------------------------------------------------------------------------------------
< Unchanged parts are omitted >
7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format except DCI format 0_0 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-    if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
-     if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-     if ULFPTxModes in PUSCH-Config is set to Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', and 
-     if ULFPTxModes in PUSCH-Config is not provided, 
-    else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. < Unchanged parts are omitted >
-----------------------------------------------------------------------------------------------------------------------------------------------------
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In summary, we have the following proposals to address the remaining issues for full power uplink transmissions for Rel-16 MIMO enhancements. 
Proposal 1: 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 2: 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



Proposal 3: Adopt the following TP for Section 7.1 of TS38.213
-----------------------------------------------------------------------------------------------------------------------------------------------------
< Unchanged parts are omitted >
7.1       Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format except DCI format 0_0 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-    if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
-     if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-     if ULFPTxModes in PUSCH-Config is set to Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', and 
-     if ULFPTxModes in PUSCH-Config is not provided, 
-    else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. < 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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