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Introduction
In RAN1 #91 Meeting [1], several agreements as well as a working assumption on details and the operation codebook-based UL transmission were reached; 
	Agreement
· For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
· Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission
· Only one state can be configured among the three states
· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.
· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.
· The size of the DCI field for TPMI is determined by the selected state
· TRI restriction (max transmit rank) is part of TPMI size reduction
· FFS: Whether TRI and TPMI are jointly or separately encoded
· Support to use RRC signaling to explicitly select between codebook based transmission and non-codebook based transmission 
· FFS on definition of UE capability for non-codebook based transmission 

· For codebook-based UL, UE can only be configured with one SRS resource set.
· Only one SRS resource is selected within the set via the SRI field in UL grant.
· The SRI field in UL grant is independently encoded from at least TPMI in the same UL grant.
· The bitwidth of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the set)).
· Note: This SRS resource set can be reused for UL BM as well, or another separated SRS resource set for UL BM can be configured to the UE, according to gNB implementation.

· For codebook based UL transmission,
· The rank of UL transmission is derived from TRI in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· Support joint coding of TPMI and TRI
· The TPMI size and TRI size is based on the 3-state TPMI restriction and maximum TRI restriction
· Support up to 1-bit SRI, and its bit-width is determined by number of configured SRS resources in the set




This contribution is an updated version of our earlier contribution (R1-1720625). In the contribution, we reflect on recent agreements on uplink codebook design, TRI and TPMI size optimization. Also, we provide our perspective on design of the TPMI indication mechanism for frequency selective UL codebook-based transmission. 

TRI and TPMI Size 
For codebook-based uplink precoding, the transmit precoding matrix indices (TPMI) are indicated to the UE through a DCI. The TPMI indicates which entries of the codebook should be selected for MIMO precoding. The size or the number of bits required for each TPMI depends on the size of the codebook which, in turn, should match the UE coherence transmission capabilities. Therefore, to avoid excessive downlink signaling overhead, the TPMI size is adjusted based on the agreed three different states of UE coherence capability, namely; full coherency, partial coherency and non-coherency. As such, a codebook subset restriction (CBSR) through RRC signaling is implemented to match the size of the required codebook to the actual coherent capability of the UE [1]. Furthermore, it was agreed that a UE can expect that it is never configured to a codebook that necessitates a higher coherence requirement than its capability.
For a given coherence capability of UE, gNB can decide on the max number of uplink transmission layer. The transmission layer restriction information is indicated to UE by transmit rank indicator (TRI) in a DCI. The TRI can be changed dynamically based on the channel condition. Table 1 shows different potential range of TPMI based on TRI and UE coherence capability for CP-OFDM 4 port UL MIMO Codebook. Based on recent agreements on 4TX codebook summarized in Table 1, a TRI with a size of 2 bit is required regardless of UE coherence capability. However, for a given UE coherence capability and a preferred TRI, gNB may configure a UE such that the TPMI size is further minimized. From the recent agreement, it does not seem clear whether TRI is considered for CBSR definition. If considered, then a higher saving in TPMI may be achieved, however in case of change in rank, CBSR needs to be refreshed as well. 
Proposal 1 - RAN1 clarifies whether TRI is considered in definition of CBSR.  
	Table 1 – Number of Precoders per coherence capability and number of transmission layers

	
	Number of Precoders 

(Transmission Layer)

	UE Coherence Capability
	

	

	

	


	Full Coherent
	16
	8
	4
	2

	Partial Coherent
	8
	8
	2
	2

	Non-Coherent
	4
	6
	1
	1



TPMI Indication
Unlike LTE, frequency selective uplink precoding is supported in NR for CP-OFDM. It has been agreed [2] that for codebook based MIMO transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, one of the alternatives of: DCI signaling of TPMI only for allocated PRB, or DCI signaling of TPMI for all PRBs should be supported.
 
In case of support for TPMI indication for all subbands, a two-step precoding based on a wideband and subband precoders have been discussed. However, we don’t believe introducing of a wideband precoder would results in a meaningful reduction in the related overhead signaling. 

[bookmark: _Hlk498520455]As it has been discussed in the past meetings [2], to reduce complexity, and simplify DCI decoding in an uplink grant, a fixed number of TPMIs should be employed irrespective of the number of scheduled RBs for transmission. Therefore, for a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

Proposal 2- Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.

Proposal 3- For a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

If the number of configured TPMIs is greater or equal the number of configured subbands () for frequency selective precoding, i.e., , one unique TPMI per subband may be assigned, as shown in Figure 1. 



Figure 1 Frequency selective precoding with sub-band precoders
In case the number of configured TPMIs is less than the number of configured subbands for frequency selective precoding, i.e., , some TPMIs should be used for precoding of more than one subband. For example, TPMIs are indicted only for a specific set of subbands, that can be referred to as primary subbands. Then, the UE uses the received TPMIs intended for the primary subbands for precoding of one or more of its adjacent subbands. Figure 2 shows an exemplary case of where the indicated TPMIs of primary subbands {1, 3, 5, 7} are also applied on their immediately next adjacent subbands {2, 4, 6, 8}. The designation of the primary subbands can also be based on a non-uniform pattern as shown in Figure 2. In this case, to support a fair and balanced assignment of the primary subbands across a scheduled transmission, the pattern of primary subbands can be cycled for each transmission event. 
Proposal 4 – Re-use TPMIs of primary subbands for precoding of their closest subbands. 


[bookmark: _Ref497988224][bookmark: _Ref498000232]Figure 2 Frequency selective precoding using TPMIs of uniformly distributed primary subbands


[bookmark: _Ref498001465]Figure 3 Frequency selective precoding using TPMIs of non-uniformly distributed primary subbands
Summary
In the contribution, we provide our views on TPMI size and the design of the TPMI indication mechanism for frequency selective UL codebook-based transmission. Based on the presented discussion, following proposals are made:
Proposal 1 - RAN1 clarifies whether TRI is considered in definition of CBSR.  
Proposal 2 - Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.

Proposal 3 - For a given size of the bandwidth part, a UE should be configured to have a fixed number of TPMIs ().

Proposal 4 - Re-use TPMIs of primary subbands for precoding of their closest subbands. 

[bookmark: _GoBack]References
[bookmark: _Ref478127360]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #91, Reno, USA, November 2017
Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88b, Spokane, USA, April 2017



image1.wmf
=

u


oleObject1.bin

image2.wmf
1

=

u


oleObject2.bin

image3.wmf
2

=

u


oleObject3.bin

image4.wmf
3

=

u


oleObject4.bin

image5.wmf
4

=

u


oleObject5.bin

image6.emf
Subband Precoders

 Bandwidth part 

W(N

TPMI

)

 Scheduled Transmission 

W(2) W(1)


Microsoft_Visio_Drawing.vsdx
Subband Precoders

Bandwidth part
W(NTPMI)

Scheduled Transmission



W(2)


W(1)



image7.emf
1         2      3  4          5        6    7 8

Subbands

 Bandwidth part 

W(1)

W(2) W(3) W(4) W(1) W(2) W(3) W(4)

W(i)

Primary Subbands


Microsoft_Visio_Drawing1.vsdx
1	        2		     3		 4	         5		       6		   7		8
						Subbands

Bandwidth part
Scheduled Transmission



W(1)
W(2)
W(3)
W(4)



W(1)
W(2)
W(3)
W(4)
W(i)
Primary Subbands



image8.emf
1         2      3  4          5        6    7 8

Subbands

 Bandwidth part 

W(1)

W(2) W(3) W(4) W(2) W(3) W(4) W(4)

W(i)

Primary Subbands

1         2      3  4          5        6    7 8

Subbands

W(1) W(2) W(3) W(4) W(1)

W(2) W(3) W(4)

1         2      3  4          5        6    7 8

Subbands

W(1) W(1) W(2) W(3) W(1) W(2) W(3) W(4)

1         2      3  4          5        6    7 8

Subbands

W(1)

W(2) W(3) W(4) W(1) W(2) W(3) W(4)

Slot i

Slot i+1

Slot i+2

.

.

.

.

.

.


Microsoft_Visio_Drawing2.vsdx
1	        2		     3		 4	         5		       6		   7		8
						Subbands

Bandwidth part
Scheduled Transmission

W(1)
W(2)
W(3)
W(4)


W(2)
W(3)
W(4)
W(4)
W(i)
Primary Subbands
1	        2		     3		 4	         5		       6		   7		8
						Subbands


W(1)
W(2)
W(3)
W(4)



W(1)
W(2)
W(3)
W(4)
1	        2		     3		 4	         5		       6		   7		8
						Subbands


W(1)
W(1)
W(2)
W(3)



W(1)
W(2)
W(3)
W(4)
1	        2		     3		 4	         5		       6		   7		8
						Subbands


W(1)
W(2)
W(3)
W(4)



W(1)
W(2)
W(3)
W(4)



Slot i




Slot i+1




Slot i+2
.
.
.
.
.
.











