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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]This contribution addresses remaining issues for uplink multi-antenna transmission, including discussion for uplink port definition and mapping, the time duration between SRS triggering and SRS transmission for both CB and Non CB transmission, and the PRG alignment issues for MU pairing.
[bookmark: OLE_LINK9][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the Codebook based UL transmission
Clarification on the port mapping for precoded PUSCH



[bookmark: OLE_LINK4]As defined in subclause 6.3.1.5 of current spec TS 38.211, denote the layers of PUSCH before precoding, and is the antenna port of PUSCH after precoding. However, the antenna port  is still lack of definition and it requires further clarification. The associated description of session 6.1.1.1 in 38.214 only stated “TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource”. It only clarify the correspondence between precoded PUSCH and SRS in term of SRS resource wise, but the mapping ordering between the corresponding antenna ports of PUSCH after precoding and antenna port within SRS resource is still not clear which leads to misleading port mapping behavior after PUSCH precoding.
In subclause 6.3.1.5 of 38.211 
--------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc516767281][bookmark: _Hlk498001231]6.3.1.5	Precoding


[bookmark: _Hlk496880698]The block of vectors ,  shall be precoded according to





where , . The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 

For non-codebook-based transmission, the precoding matrix  equals the identity matrix.


For codebook-based transmission, the precoding matrix  is given by  for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214].
In subclause 6.1.1.1 of 38.214
--------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc517439502]6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. The TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
[bookmark: OLE_LINK12]---------------------------------------------------------------------------------------------------------------------------
So we have the following text proposal to further clarify the definition for antenna ports[image: ].
Text proposal#1, on subclause 6.1.1.1 of TS 38.214,
	< Start of the text proposal >
6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. The TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. The set of antenna ports [image: ] that the precoded PUSCH are mapped as defined in Subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the selected SRS resource by the SRI with an increasing order when multiple SRS resources are configured, or the SRS ports in the configured SRS resource with an increasing order if only one SRS resource is configured. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< End of the text proposal >


[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Clarification on the DMRS port mapping for PUSCH
In subclause 6.4.1.1.3 of 38.211, the definition of the set of DMRS antenna ports [image: ] refers to [6, TS 38.214]. But in 38.214, the corresponding definition was not provided.
In addition, in subclause 6.4.1.1.3 of 38.211, {0…ν-1} denotes the layer index instead of antenna port, but in subclause 6.4.1.1.3 of 38.211, {0…ν-1} are described as the antenna ports.
Therefore, we have the following clarification on DMRS ports [image: ] and correction on description of {0…ν-1} in 38.214.
In subclause 6.4.1.1.3 of 38.211
--------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc516767313]6.4.1.1.3	Precoding and mapping to physical resources 
……
The intermediate quantity  shall be precoded, multiplied with the amplitude scaling factor [image: ] in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to
[image: ]
where 

-	the precoding matrix  is given by clause 6.3.1.5, 

-	the set of antenna ports  is given by clause 6.3.1.5, and
-	the set of antenna ports [image: ] is given by [6, TS 38.214];
---------------------------------------------------------------------------------------------------------------------------

Text proposal#2, on subclause 6.1.1.1 of TS 38.214,
	< Start of the text proposal >
6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3.  If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. UE determines its DMRS antenna port [image: ] based on DCI fields of Antenna ports in subclause 7.3.1.1.2 of [TS 38.212] with an increasing order of layer. The TPMI is used to indicate the precoder to be applied over the layersantenna ports {0…ν-1} and DMRS antenna port [image: ] in subclause 6.4.1.1.3 of [TS 38.211] that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layersantenna ports {0…ν-1} and DMRS antenna port [image: ] in subclause 6.4.1.1.3 of [TS 38.211] that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< End of the text proposal >


Discussion on the name for PUSCH port after precoding
The following antenna ports are already defined for the uplink in the spec:
-	Antenna ports starting with 0 for PUSCH and associated demodulation reference signals
-	Antenna ports starting with 1000 for SRS
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH




In last meeting, it has been discussed whether it is necessary to explicitly define the name for antenna port of PUSCH after precoding indexed from 1000 as SRS. In our view, such explicit definition is unnecessary. For PUSCH scheduled by DCI format 0-1, the precoder determination for PUSCH is based on SRS. gNB obtains the UL precoder based on the measurement on SRS and then indicate the precoder W to UE. Therefore, the PUSCH port after precoding must be associated with the SRS port which derives its precoder W, as the applied W is dependent on the ordering of SRS ports. In this sense, it only needs to clarify  is the SRS ports with increasing order within the SRS resource that determine the precoder for PUSCH as the above text proposal. Given this, it is obviously redundant to additionally define antenna port for PUSCH after precoding explicitly for SRS based PUSCH transmission. On the other hand, for PUSCH scheduled by DCI format 0-0, wherein only one antenna port is used for PUSCH transmission without the association with SRS port. In this case, UE can freely use any implementation mapping between its antenna ports and the physical antennas. The definition of the name of antenna port for PUSCH will not instruct any virtualization behavior for the UE and thus it is also unnecessary to define it for PUSCH transmission without SRS use case. 
For non-codebook case, the SRS ports are one to one mapped to the DMRS ports as given in subclause 6.1.1.2 of TS 36.214. And DMRS ports are associated with the same PUSCH port before precoding, therefore, the association between SRS ports and PUSCH ports are directly set up. The subsequent virtualization of the SRS ports to physical antenna ports is up to UE implementation and the PUSCH port index definition after precoding will not contribute the virtualization procedure. In addition, for non-codebook case, the SRS ports in different SRS resource are all indexed from the 1000. It implies the set of SRS ports index indicated by SRI are not always contiguous starting from 1000. If we redefine the name for PUSCH port indexed from 1000 and upward, it will then lead to the mismatch between PUSCH port index with the corresponding SRS ports index indicated by SRI.
According to the above discussion, we do not see the necessity to explicitly define the name for antenna port of PUSCH after precoding. 
Proposal 1: It is unnecessary to explicitly define the name for antenna port of PUSCH after precoding.
For non-codebook based UL transmissions
As discussed in last meeting and email, there is an issue for the definition of time gap between DCI aperiodic SRS triggering and SRS transmission. Now, it is still open for that whether “other cases”, except codebook/antenna switching for FR1, is with time gap N2 or N2+42 or other values. 
The background for this issue is that N2 was introduced for the time gap between DCI triggering and SRS transmission during the discussion of UE feature, later due to the minimal time between CSI-RS and SRS transmission is with 42 symbols, so both of N2 and 42 two values are captured for different cases. But, it was incorrectly confirmed later with N2+42 and also captured in 38.214. During last meeting, it was discussed again to correct the mistakes and achieved as following agreements:  
	Agreement
· For SRS for CB PUSCH and antenna switching on FR1, the minimal time internal between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 symbols 
· Support of zero slot offset for aperiodic SRS triggering is UE capability
· The time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between PDCCH and SRS
Above agreement does not change the switching time for SUL/UL 
Above agreement only affects UE capability signalling from RAN2 perspective


For the other cases, now is still an open issue.
For non-codebook UL transmission, N2+42 between the DCI and SRS transmission does not make any sense and also will be confused with previous agreements. The details are listed as follows:
At first, 42 is defined between aperiodic CSI-RS reception and aperiodic SRS transmission, N2 is actually defined as PUSCH or SRS preparing time after DCI triggering. If we introduce the time gap between DCI for aperiodic SRS triggering and SRS transmission is N2+42, it means that the minimum time gap between DCI for aperiodic SRS triggering and CSI-RS transmission is N2! Please note that N2 is a UL preparing time, but CSI-RS transmission is for DL. It does not make sense to define a UL preparing time between aperiodic SRS triggering and CSI-RS transmission.
Second, as we agreed before, the aperiodic CSI-RS transmission and aperiodic SRS triggering is in a slot. If we introduce a minimum time gap N2 between aperiodic SRS transmission and CSI-RS transmission, the agreement cannot be guaranteed, due to the values for N2 is {10, 12, 23, 36} symbols. So, it is not aligned with the previous agreement for N2+42 for minimum time between DCI and SRS transmission.
Furthermore, the time gap 42 symbols between aperiodic CSI-RS transmission and aperiodic SRS transmission is already defined in subclause 6.1.1.2 of 38.214. So, it is not needed to be defined here again.
Proposal 2: The minimum time gap N2+42 between DCI triggering and SRS transmission should not be applied for non-codebook cases.
For “other cases”, actually, we also think it does not make sense with N2+42 for the minimum time gap between DCI triggering and SRS transmission for FR1 and FR2. It is worth noting that the definition of N2 is already for the PUSCH transmission, including the time preparing for data and beam, which is more complicated that the SRS transmission. So, the definition of time gap between DCI triggering and SRS transmissions for other cases, N2 is sufficient.
Proposal 3: For “other cases”, the time gap between DCI triggering and SRS transmissions, N2 is sufficient.
For PRG bundling
For channel estimation performance, the PRG size {2, 4, wideband} were introduced in NR Rel-15. In SU-MIMO, UE can filter the estimated channel in PRG to improve performance. While in MU-MIMO, UE cannot assume the potential co-scheduled UE has the same precoding in its one PRG according to the current specification and gNB’s flexible scheduling. 
For example, the PRG of UE1 is 2 RBs, and the DM-RS port of UE1 is port 0. The DM-RS port of the co-scheduled UEs is port 1, which is in the same CDM group as port 0. As shown in Figure 1 (Left), for downlink resource allocation type 0, RBG’s size can be less than nominal RBG size P at the boundary of BWP. In one PRG of UE1, the two RBs of port 1 may be allocated to different co-scheduled UEs (i.e., UE2 and UE3) as shown in Figure 1. 
Another example is shown in Figure 1 (right), for downlink resource allocation type 1, a UE can be allocated with any contiguous RBs from any start RB. In one PRG of UE1, the two RBs may be allocated to different co-scheduled UEs. 
From above examples, since gNB may use different precoding matrixes to transmit different UE’s data, a UE cannot assume the potential co-scheduled UE(s) has the same precoding in one PRG. If the UE filter the channels of different co-scheduled UEs with different precoding in one PRG, the channel estimations of co-scheduled UEs will be wrong in these 2 RBs. So, considering such cases, it can only filter the channel of co-scheduled UE in one PRB, which will degrade the joint channel estimation performance.
[image: ]
[bookmark: _Ref520535091][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK51][bookmark: OLE_LINK55]Figure 1. Co-scheduled UE in downlink resource allocation type 0 and type 1
In the following, we provide performance evaluation. As shown in Figure 2, the BLER performance of 1RB and 2RB joint channel estimation in CDL-B(RMS delay is 700ns) and CDL-C(RMS delay is 363ns) channel with 30kHz subcarrier spacing, 64QAM modulation and 0.75 code rate. It is observed that the performance of 10% BLER degrades about 1.3dB and 0.7RB in CDL-B channel and CDL-C channel, respectively. In addition, the performance degradation will increase if higher modulation type or higher code rate is used.
To address this issue, the DMRS ports in a same CDM group for the co-scheduled UE(s) should be the same precoding in at least 2 RBs granularity from common resource blocks. Then, a UE will assume the precoding of the potential co-scheduled UE(s) on the DM-RS ports in the same CDM group is the same in continuous resource blocks at least with 2 RBs.

[image: ] [image: ]
[bookmark: _Ref520535125]Figure 2. BLER of 2RB/1RB joint channel estimation in CDL-B/CDL-C channel

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: A UE shall assume that the precoding of the potential co-scheduled UE(s) is the same in continuous 2 resource blocks respect to common resource block grid (i.e., CRB indexed as 2K and 2K+1) for the DM-RS ports in the same CDM group.

Summary
Text proposal#1, on subclause 6.1.1.1 of TS 38.214,
	< Start of the text proposal >
6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. The TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. The set of antenna ports [image: ] that the precoded PUSCH are mapped as defined in Subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the selected SRS resource by the SRI with an increasing order when multiple SRS resources are configured, or the SRS ports in the configured SRS resource with an increasing order if only one SRS resource is configured. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< End of the text proposal >



Text proposal#2, on subclause 6.1.1.1 of TS 38.214,
	< Start of the text proposal >
6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3.  If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. UE determines its DMRS antenna port[image: ] based on DCI fields of Antenna ports in subclause 7.3.1.1.2 of [TS 38.212] with an increasing order of layer. The TPMI is used to indicate the precoder to be applied over the layersantenna ports {0…ν-1} and DMRS antenna port[image: ]in subclause 6.4.1.1.3 of [TS 38.211] that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layersantenna ports {0…ν-1} and DMRS antenna port[image: ]in subclause 6.4.1.1.3 of [TS 38.211] that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< End of the text proposal >



Proposal 1: It is unnecessary to explicitly define the name for antenna port of PUSCH after precoding.
Proposal 2: The minimum time gap N2+42 between DCI triggering and SRS transmission should not be applied for non-codebook cases.
[bookmark: _GoBack]Proposal 3: For “other cases”, the time gap between DCI triggering and SRS transmissions, N2 is sufficient.
Proposal 4: A UE shall assume that the precoding of the potential co-scheduled UE(s) is the same in continuous 2 resource blocks respect to common resource block grid (i.e., CRB indexed as 2K and 2K+1) for the DM-RS ports in the same CDM group.
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