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1. Introduction
In RAN1 #91 meeting, the main issues for UL codebook based transmission have been solved. Based on the contributions, the following remaining issues are summarized:
· Codebook subset restriction
· SRS antenna port index
· DCI indication
· Subband precoding
· Default transmission scheme

2. Issues with RAN2 impact
2.1 Codebook Subset Restriction
The following proposals are related to codebook subset restriction:
· Correct the name of the RRC parameter and related text in 38.212 and 38.214
· Change fullyCoherent into fullAndPartialAndNoneCoherent or Full+Partial+Non-Coherent, and change partialCoherent into PartialAndNoneCoherent or Partial+Non-Coherent: vivo, CATT, OPPO
· Use full coherence, partial coherence, and non-coherence as the values of ULCodeboookSubset: Ericsson
· RRC parameters such that maxRank and codebookSubset are configured for PUSCH, rather than for each SRS resource.
· Supported: Ericsson

The parameter name for codebook subset restriction should not only reflect the codebook accurately but also follow the coding rule of ASN.1 in 38.331. The following proposal is achieved based on the views above:
Proposal 1:
· Correct the name of the RRC parameter for codebook subset restriction.
· fullyCoherent is changed into fullAndPartialAndNonCoherent
· partialCoherent is changed into partialAndNonCoherent
· change the related spec in 38.212 and 38.214
· RRC parameters such that maxRank and codebookSubset are configured for PUSCH, rather than for each SRS resource.
· Send an LS to RAN2 on the above changes.


2.2 SRS Antenna Port Related 
The following proposals are related to SRS antenna port index:
· SRS antenna port index 
· Start from port 1000/3000: Huawei
· Start from port 3000: vivo, ZTE/Sanechips, LGE, OPPO
· On RRC parameter ulTxConfig and SRS-SetUse 
· Removing parameter ulTxConfig in RRC parameter SRSConfig: Huawei 
· Combining Codebook and NonCodebook into one state CodebookOrNoncodebook for SRS-SetUse: OPPO, vivo, CATT
· More than 1 SRS resource sets can be configured for codebook based UL transmission
· Supported: CATT (more than 1 set meaning e.g. one set for periodic, one set for semi-persistent)
· Objected: LGE, Huawei/HiSilicon, Qualcomm
· SRS resources in the same resource set should have the same time domain behavior on periodic, aperiodic and SPS
· Supported: CATT, ZTE/Sanechips, LGE, vivo, Samsung, Qualcomm
· Objected: OPPO
· If no SRS for UL codebook is configured, 
· Alt.1: SRI can be selected from SRS resources for beam management: vivo
· Alt.2: TPMI is selected based on DMRS: Docomo, Ericsson
· Alt.3: PUSCH precoder is associated with other signal/channel: ZTE/Sanechips
· Alt.4: UE expects to configure at least one SRS resource(s) for codebook-based UL (i.e., any optimizations on “no SRS” cases are not required): LGE OPPO, Samsung, CATT, Huawei/HiSilicon, Qualcomm
· The number of antenna ports is the number of SRS ports configured to the UE if SRS is configured or the maximum number of layers the UE can transmit if SRS is not configured.
· Supported: Ericsson
· No need to optimize it when we agree Alt.4 in the above: LGE OPPO, Samsung, CATT, Huawei/HiSilicon, Qualcomm
· In a SRS resource set, 
· Alt 1: the number of SRS antenna ports for multiple SRS resources should be the same
· Supported: Intel OPPO vivo, Samsung, Qualcomm
· Alt 2: the number of SRS antenna ports for multiple SRS resources can be different
· Supported: ZTE/Sanechips, LGE, Huawei, HiSilicon
· For codebook based UL transmission, in a SRS resource set, 
· Alt 1: different SRS resources in one resource set shall be transmitted from different UE antenna port(s).
· Alt 2: different SRS resources in one resource set shall be transmitted from the same or different UE antenna port(s).
Note: the use case for “same” or “different” should be clarified.
	Huawei, HiSilicon
	For the “different” case:
For codebook based, SRI is used for UE antenna ports/panel selection, then TPMI is used for codebook selection on the selected UE antenna ports. For example, 2T4R, SRS resource-0 associated with UE antenna ports-0 and 1; SRS resource-1 associated with UE antenna ports-2 and 3. 
gNB indicates one of SRS resources through SRI, and indicates the precoding index trough TPMI/RI. Then, UE using the precoding on selected antenna ports for PUSCH transmission.

	ZTE, Sanechips
	Similar view as Huawei. The only use case for using SRI indication for codebook based UL is to support port/panel selection. The port index of different resources can be same or different, but different resource should correspond to different antenna port. Hence we support Alt 1.

	Qualcomm
	In our contribution, we propose to use the same SRS antenna port index, but to clarify that UE shall not treat the ports with the same index in different SRS resources as the same port.

	
	




The following proposal is achieved based on the views above:
Proposal 2:
· For SRS resource for uplink codebook based transmission, down-select one of the following alternatives
· Alt 1: different SRS resources in one resource set shall be transmitted from different UE antenna port(s).
· Alt 2: different SRS resources in one resource set shall be transmitted from the same or different UE antenna port(s).
· Clarify whether a RRC signaling is needed to indicate the UE antenna port(s) 

· For SRS antenna port index definition,
· For SRS resource(s) for codebook or non-codebook based UL transmission, the SRS antenna port index should be the same as antenna port index for DMRS associated with PUSCH, which starts from 1000.
· For SRS resource(s) for beam management, the SRS antenna port index can be different from antenna port index for DMRS associated with PUSCH, which starts from 3000.

· For codebook based UL transmission, 
· If SRS resource(s) for codebook based transmission is configured, the number of antenna ports is equal to the number of SRS antenna ports
· If multiple SRS resources are configured, the number of antenna ports for different SRS resources should be the same
· Down-select one of the following alternatives:
· Alt 1: gNB can configure no SRS resource for codebook based transmission 
· If supported, the number of transmission antenna ports is equal to the maximum number of layers the UE can support.
· If supported, study how to indicate the beam of PUSCH when no SRS resource for codebook based transmission is configured, e.g. by SRI indication in DCI 
· Alt 2: gNB shall configure at least 1 SRS resource for codebook based transmission

· Down selection one alternative from the following:
· Alt1: SRS resources in the same resource set should have the same time domain behavior on periodic, aperiodic and SPS
· Alt2: SRS resources in the same resource set can have different time domain behavior on periodic, aperiodic and SPS
3. Issues without RAN2 impact
3.1 DCI related 
The following proposals are related to DCI
· If multiple SRS resource sets for codebook based UL transmission are configured, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n). 
· Supported: CATT
· No need to optimize it when we agree the 3rd issue in section 3.1 as “1 SRS resource set”: LGE
· Correction of TPMI/TRI table for 2 antenna ports
· Delete 1 layer: TPMI=2, 1 layer: TPMI=3, and 2 layers: TPMI=1 for the non-coherent case in Table 7.3.1.1.2-4; Delete 1 layer: TPMI=2 and 1 layer: TPMI=3 for the non-coherent case in Table 7.3.1.1.2-5; Add if PUSCH-tp=Disabled, or if PUSCH-tp=Enabled in the title of Table 7.3.1.1.2-5: Samsung
· Define transmit precoding indicator (TPI) as a joint coding of TPMI and TRI for codebook based UL transmission
· Supported: Nokia
· [Huawei] Correction of Antenna ports
· Add table reference cases for codebook based UL transmission for Table 7.3.1.1.2-8 ~ 23 as current text for Antenna ports is described for non-codebook based UL transmission only: Huawei3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=1, where the value of SRS resource indicator field if ulTxConfig = NonCodeBook, or the value of Precoding information and number of layers field if ulTxConfig = CodeBook, indicates the corresponding table to use;
· 4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=2, where the value of SRS resource indicator field if ulTxConfig = NonCodeBook, or the value of Precoding information and number of layers field if ulTxConfig = CodeBook, indicates the corresponding table to use;
· 4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=1, where the value of SRS resource indicator field if ulTxConfig = NonCodeBook, or the value of Precoding information and number of layers field if ulTxConfig = CodeBook, indicates the corresponding table to use;
· 5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=2, where the value of SRS resource indicator field if ulTxConfig = NonCodeBook, or the value of Precoding information and number of layers field if ulTxConfig = CodeBook, indicates the corresponding table to use.


The association of SRI and SRS transmission should be clarified, and some errors in TPMI indication should be fixed. The following proposal is achieved based on the views above:
Proposal 3:
· Down-select the following alternative for association of SRI and SRS transmission
· Alt 1: the SRI in slot n is associated with the most recent SRS transmission before slot n
· Alt 2: the SRI in slot n is associated with the most recent SRS transmission before slot n-k
· Alt 3: the SRI in slot n is associated with the most recent SRS transmission with highest priority within a time window [n-k, n).
· For the TPMI/TRI table for 2 antenna ports, support the following spec changes for Table 7.3.1.1.2-4 and Table 7.3.1.1.2-5 proposed in R1-1800421 for 38.212.
· [bookmark: _GoBack]Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if PUSCH-tp=Disabled and ULmaxRank = 2
	Bit field mapped to index
	Fully coherent
	Bit field mapped to index
	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

	42
	2 layers: TPMI=0
	42
	2 layers: TPMI=0

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

	63
	1 layer: TPMI=42
	6-73
	Reserved

	74
	1 layer: TPMI=53
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	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, if PUSCH-tp=Disabled, or if PUSCH-tp=Enabled and ULmaxRank = 1
	Bit field mapped to index
	Fully coherent
	Bit field mapped to index
	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
	
	



3.2 UL Codebook Related
The following proposals are related to UL codebook
· Add notation to clarify the waveform for Table 6.3.1.5-4 to Table 6.3.1.5-7
· Supported: CATT

The following proposal is achieved based on the views above:
Proposal 4:
· For UL codebook, support to add a notation to clarify the waveform for Table 6.3.1.5-4 to Table 6.3.1.5-7 proposed in R1-1800237.
-----------------------------------------------------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.
<Table omitted>
· 
Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
<Table omitted>

· 
Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
<Table omitted>

· 
Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
<Table omitted>

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


3.3 Subband Precoding
The following proposals are related to UL subband precoding:
· The number of subband TPMI is fixed
· Supported: InterDigital, Intel
· The subband TPMIs are signaled via DCI regardless of the actual RA
· Supported: InterDigital, Intel
· Re-use TPMIs of primary subbands for precoding of their closest subbands
· Supported: InterDigital
· No explicit support in Rel-15: LGE OPPO, Qualcomm

The following proposal is achieved based on the views above:
Proposal 5:
· Down-select the maximum number of PRG(s) N for 4 transmission port case in Rel-15
· Alt1: N = 1
· Note: this means no frequency selective precoding in Rel-15
· Alt2: N = 2
· Alt3: Other value
3.4 Transmission Scheme related
The following proposals related to transmission scheme:
· Support gNB to control whether to use precoder cycling or closed loop MIMO
· Supported: AT&T
· Support codebook based 1 DMRS port as default configuration and for PUSCH triggered by DCI format 0_0
· Alt.1: Supported: Ericsson
· Alt.2: No need to optimize and introduce a new UL scheme. The 1-port default transmission scheme(e.g., used for msg.3) is only used before a SRS resource set for codebook-based UL is configured: LGE

The following proposal is achieved based on the views above:
Proposal 6:
· If the transmission scheme is not configured, the default transmission is 1 DMRS port based
· The PUSCH is triggered by DCI format 0_0.
· Study whether or not any spec impact should be defined to support transmit diversity based on transparent operation.

3.5 Others
There are some proposals that may be related to codebook based UL transmission.
· Support up to 4 PT-RS antenna ports for codebook based UL transmission
· Supported: Lenovo, Motorola
It has been agreed that in Rel-15 up to 2 uplink PT-RS antenna ports are supported. Hence whether to support 4-port PT-RS can be discussed in next release.
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