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1 Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]A series of NR Rel-15 specifications has been approved which is under CR control. In this contribution we discuss some of the remaining issues and potential inconsistencies with previous RAN1 agreements on codebook based UL transmission. 
2 Discussion
2.1 SRS configurations for codebook based UL transmission
In RAN1 #91 meeting, it was agreed that for codebook based UL transmission, UE can only be configured with one SRS resource set, and the maximum number of SRS resources that can be configured for codebook based UL transmission is 2. However, for a given SRS resource, it can be configured with a time domain behavior of aperiodic, periodic, or semi-persistent. It is necessary for a UE to be able to be configured with multiple SRS resources with different time domain behavior. With the current agreements, at most two time domain behavior types SRS resources can be configured to a UE for codebook based UL transmission, with one SRS resource for each time domain behavior type.  It would be an unnecessary restriction. Therefore, more SRS resources should be allowed to be configured to a UE for codebook based UL transmission.  
Proposal 1: More than one SRS resource sets can be configured for codebook based UL transmission.
Proposal 2: The SRS resources in the same SRS resource set should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.
2.2 SRI indication 
1. 
2. 
2.1. 
2.2. 
2.2.1 
2.2.2 
According to the email discussion after RAN1 #91 meeting, up to 1-bit SRI can be used. The bit-width of SRI is determined by the number of configured SRS resources in the SRS resource set for codebook based UL transmission. If multiple SRS resource sets for codebook based UL transmission are configured, it is not reasonable to pre-determine that SRI refers to the SRS resource set of the latest SRS transmission. For example, a UE is configured with a SRS resource set with two periodic SRS resources and a SRS resource set with an aperiodic SRS resource. In a time window, the SRS transmissions corresponding to the two SRS resource set occur, gNB determines TPMI and TRI based on the SRS resource set with the aperiodic SRS resource and indicates SRI to the UE by DCI. If before the SRI indication instant, a periodic SRS transmission is transmitted according to the configuration, SRI does not refer to the SRS resource set of the latest SRS transmission. Therefore, SRI corresponds to which SRS resource set should be predefined or indicated. Another solution is that SRI is used to indicating one SRS resource among the SRS resources of all SRS resource sets that configured for codebook based UL transmission.
 Proposal 3: For codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed value.  Where the priority of SRS transmission is defined as follows:
· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;
· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.
3 Proposed corrections to specs
3.1 Codebook for UL transmission in TS38.211 
3. 
4. 
4.1. 
4.2. 
4.2.1 
4.2.2 
For Rel-15, UL transmission with more than one layer only can be configured for CP-OFDM waveform. Hence the codebooks for layers more than 1 are designed for CP-OFDM. Therefore, in TS38.211, the codebooks for layers more than one is only used for CP-OFDM should be noted in the Tables description.
Proposal 4: Add the notation that the table is for CP-OFDM for Table 6.3.1.5-4 to Table 6.3.1.5-7.

-----------------------------------------------------Start of TP for TS 38.211------------------------------------------------------------


Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	




Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-




Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-



-------------------------------------------------------------END of TP-------------------------------------------------------------------
3.2 RRC parameters for codebook based UL transmission
In RAN1 #91 meeting, the following agreements on codebook subset restriction was achieved:
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
A RRC parameter of ULCodebookSubset was introduced to indicate the codebook subset restriction for codebook based UL transmission. Now the values of ULCodebookSubset is defined to be ‘Full+Partial+Non- Coherent’, ‘Partial+Coherent’, and ‘Non-Coherent’. The expression of the values may cause confusion whether ‘Partial+Coherent’ is ‘Partial Coherent’ + ‘Non-Coherent’ or ‘Partial Coherent’ + ‘Full Coherent’. Besides, in TS38.214, the reference of the value of ULCodebookSubset with partial coherent is ‘Partial+Non-Coherent’. Hence, we propose to send LS to RAN2 to modify the value in ULCodebookSubset of ‘Partial Coherent’ to be ‘Partial+Non-Coherent’.
According to the meeting agreements, the definition of full coherent, partial coherent and non-coherent for UE capability is described as follows:
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
Hence ‘Partial coherent’ means port pairs can be transmitted coherently. For a UE configured with codebook based UL transmission with 2 antenna ports, 2 ports transmit coherently means full coherent. Therefore, a clarification on what does ULCodebookSubset configured with ‘Partial+Non-Coherent’ for 2 antenna ports mean. 
Proposal 5: Modify ULCodebookSubset to be ‘Full+Partial+Non-Coherent’, ‘Partial+Non-Coherent’, and ‘Non-Coherent’, and clarification that a UE is not expected to be configured with ULCodebookSubset of ‘Partial+Non-Coherent’ when two antenna ports are configured.
3.3 Precoding indication for codebook based UL transmission in TS38.212  
Based on the meeting agreements, for codebook based UL transmission, the bit length of precoding information and number of layers field in DCI format 0_1 are according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset. The values of ULCodebookSubset are of ‘Full+Partial+Non-Coherent’, ‘Partial+Non-Coherent’, or ‘Non-Coherent’. In the tables for precoding information and number of layers in TS38.212 Section 7.3.1.1.2, the values of ULCodebookSubset  are ‘Full coherent’, ‘Partial coherent’ and ‘non-coherent’, which should be modified.
Proposal 6: Modify the values of ULCodebookSubset in Table 7.3.1.1.2-2 to Table 7.3.1.1.2-5 to be ‘Full+Partial+Non- Coherent’, ‘Partial+Non-Coherent’, or ‘Non-Coherent’.
-----------------------------------------------------Start of TP for TS 38.212-----------------------------------------------------------

Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if PUSCH-tp=Disabled and ULmaxRank = 2 or 3 or 4
	Bit field mapped to index
	Fully coherent ULCodebookSubset = ‘Full+Partial+Non-Coherent’
	Bit field mapped to index
	Partial coherent ULCodebookSubset = ’Partial+ Non-Coherent’
	Bit field mapped to index
	Non-coherentULCodebookSubset =  ‘Non-Coherent’

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=4
	12-15
	reserved

	…
	…
	…
	…
	
	

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=11
	
	

	20
	2 layers: TPMI=6
	20
	2 layers: TPMI=6
	
	

	…
	…
	…
	…
	
	

	27
	2 layers: TPMI=13
	27
	2 layers: TPMI=13
	
	

	28
	3 layers: TPMI=1
	28
	3 layers: TPMI=1
	
	

	29
	3 layers: TPMI=2
	29
	3 layers: TPMI=2
	
	

	30
	4 layers: TPMI=1
	30
	4 layers: TPMI=1
	
	

	31
	4 layers: TPMI=2
	31
	4 layers: TPMI=2
	
	

	32
	1 layers: TPMI=12
	
	
	
	

	…
	…
	
	
	
	

	47
	1 layers: TPMI=27
	
	
	
	

	48
	2 layers: TPMI=14
	
	
	
	

	…
	…
	
	
	
	

	55
	2 layers: TPMI=21
	
	
	
	

	56
	3 layers: TPMI=3
	
	
	
	

	…
	…
	
	
	
	

	59
	3 layers: TPMI=6
	
	
	
	

	60
	4 layers: TPMI=3
	
	
	
	

	61
	4 layers: TPMI=4
	
	
	
	

	62-64
	reserved
	
	
	
	



Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if PUSCH-tp=Disabled, or if PUSCH-tp=Enabled and ULmaxRank = 1
	Bit field mapped to index
	Fully coherent ULCodebookSubset = ‘Full+Partial+Non-Coherent’
	Bit field mapped to index
	Partial coherentULCodebookSubset = ’Partial+ Non-Coherent’
	Bit field mapped to index
	Non-coherentULCodebookSubset =  ‘Non-Coherent’

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	
	

	…
	…
	…
	…
	
	

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	
	

	12
	1 layers: TPMI=12
	12-15
	reserved
	
	

	…
	…
	
	
	
	

	27
	1 layers: TPMI=27
	
	
	
	

	28-31
	reserved
	
	
	
	



Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, ULmaxRank = 2
	Bit field mapped to index
	Fully coherentULCodebookSubset = ‘Full+Partial+Non-Coherent’
	Bit field mapped to index
	Non-coherentULCodebookSubset =  ‘Non-Coherent’

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	5
	2 layers: TPMI=1
	5
	2 layers: TPMI=1

	6
	1 layer: TPMI=4
	6-7
	Reserved

	7
	1 layer: TPMI=5
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, ULmaxRank = 1
	Bit field mapped to index
	Fully coherentULCodebookSubset = ‘Full+Partial+Non-Coherent’
	Bit field mapped to index
	Non-coherentULCodebookSubset =  ‘Non-Coherent’

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



---------------------------------------------------------------END of TP-------------------------------------------------------------------
3.4 Codebook based UL transmission in TS38.214  
For codebook based transmission, a UE determines its codebook subsets based on the high layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset.  In TS38.214, it is written that ‘For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with 'Full+Partial+Non-Coherent', or 'Partial+Non-Coherent', or 'Non-Coherent' depending on the UE capability.’ It should be modified.
Proposal 7: Modify the description on UE determining its codebook subsets in Section 6.1.1.1 in TS38.214.
-----------------------------------------------------Start of TP for TS 38.214----------------------------------------------------------
[bookmark: _Toc501048207]6.1.1.1	Codebook based UL transmission
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameters  PUSCH-tp, ULmaxRank, and ULCodebookSubset,  whichwhere  ULCodebookSubset may be configured with 'Full+Partial+Non-Coherent', or 'Partial+Non-Coherent', or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of 'Partial+Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with 'Full+Partial+Non-Coherent'. 
A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with 'Full+Partial+Non-Coherent' or with Full+’Partial+Non-Coherent'.
For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 

---------------------------------------------------------------END of TP-------------------------------------------------------------------

4 Conclusions
In this contribution, we discussed the SRS resource configuration and SRI indication for codebook based UL transmission. We also provide some corrections of specifications for codebook based UL transmission. We propose that:
Proposal 1: More than one SRS resource sets can be configured for codebook based UL transmission.
Proposal 2: The SRS resources in the same SRS resource set should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.
Proposal 3: For codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed value.  Where the priority of SRS transmission is defined as follows:
· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;
· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.
Proposal 4: Add the notation that the table is for CP-OFDM for Table 6.3.1.5-4 to Table 6.3.1.5-7.
Proposal 5: Modify ULCodebookSubset to be ‘Full+Partial+Non-Coherent’, ‘Partial+Non-Coherent’, and ‘Non-Coherent’, and clarification that a UE is not expected to be configured with ULCodebookSubset of ‘Partial+Non-Coherent’ when two antenna ports are configured.
Proposal 6: Modify the values of ULCodebookSubset in Table 7.3.1.1.2-2 to Table 7.3.1.1.2-5 to be ‘Full+Partial+Non- Coherent’, ‘Partial+Coherent’, or ‘Non-Coherent’.
Proposal 7: Modify the description on UE determining its codebook subsets in Section 6.1.1.1 in TS38.214.
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