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1. [bookmark: _Ref521334010]Introduction
In RAN #94-e meeting, the enhancement for enabling UL 8 Tx operation was agreed and the following objectives were approved in the WID for Rel-18 NR MIMO [1]:
	Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In previous meetings, SRS enhancements for UL 8Tx were agreed to be specified and several agreements on SRS configuration and resource mapping were achieved. In this contribution, we provide our views on the design of SRS for UL 8Tx operation.
2. Discussion
2.1. 8Tx SRS for codebook based UL transmission 
In previous RAN1 meetings, the following agreements were achieved on 8Tx SRS for codebook based PUSCH transmission:
	Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
0. FFS : Other values for X, if needed 
1. FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
2. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
2. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources  


In Rel-17, all of the SRS ports for an SRS resource are mapped to the same time-domain resources. In order to reduce/avoid mutual interference between two SRS ports in an SRS resource, the two SRS ports would be mapped to different frequency positions and/or be transmitted with different cyclic shifts. For an SRS resource, the cyclic shift  for antenna port  is given as 
,
where  is the number of SRS ports in the SRS resource, is the maximum number of cyclic shifts, and  is configured with higher layer parameter transmissionComb.
The frequency-domain starting position  for antenna port  is defined by

where 

The maximum number of cyclic shifts  corresponding to transmission comb number  equal to 2, 4, and 8 are 8, 12, and 6, respectively. 
In order to enable 8Tx for codebook based PUSCH transmission, 8 SRS ports is needed. There are 2 approaches:
· Alt 1: Extending the maximum number of SRS ports in an SRS resource to 8.
· Alt 2: Enable 8 SRS ports for codebook based PUSCH transmission by combining SRS ports from multiple 1-/2-/4-port SRS resources.
In RAN1 #110bis-e meeting, 8 ports in an SRS resource with the 8 ports mapped onto each of the m OFDM symbols in legacy schemes was agreed to be supported. Whether Alt 2 is supported and whether multiple SRS ports mapped to multiple OFDM symbols in a new scheme are still open. 
For an 8-port SRS resource, ,  for =8, 12, 6 are 1, , and  respectively. If all of the 8 ports are allocated in same frequency-time-domain resources as in Rel-17,
· For =8, all of 8 cyclic shifts are used by the 8 ports;
· For = 12, the formula for cyclic shift calculation have to be revised, and several SRS ports would use consecutive cyclic shifts;
· For 6, it does not works since .
It is known that the greater the difference between the cyclic shifts of two SRS ports is, the better the performance of the reception for the two SRS ports is. Therefore consecutive cyclic shifts for SRS ports in the same SRS resource are not supported in Rel-17. In order to avoid consecutive cyclic shifts for SRS ports in the same SRS resource, the number of maximum cyclic shifts should be increased or the 8 ports should be mapped to multiple frequency-domain positions and/or multiple OFDM symbols. Since the enhancement for maximum cyclic shifts has been discussed for many releases and it was concluded not to be considered for CJT SRS in last RAN1 meeting, we prefer not to discuss the same thing again and again.
In Rel-17, the transmit power for an SRS resource is split equally across the antenna ports of the SRS resource. Therefore for a 4-port SRS resource with transmit power P, the transmit power of each SRS port is P/4. Then for an 8-port SRS resource, when the 8 ports are mapped to the same OFDM symbols, the transmit power of each SRS port would be P/8, which implies the coverage of SRS for 8Tx would be poorer than that for 4Tx. In order to improve the transmit power of each SRS ports, mapping 8 SRS ports to m OFDM symbols in TDM can be considered, then the transmit power for each SRS port can be boosted. 
Proposal 1: For an 8-port SRS resource in an SRS resource set with usage “codebook”, 8 SRS ports map to multiple OFDM symbols in TDM is supported.
Enabling 8 SRS ports for “codebook” by combining SRS ports from multiple 1-/2-/4-port SRS resources also can be considered in Rel-18, since it has following advantanges:
1) It is a flexible solution that enables 8 ports to be configured in same or multiple OFDM symbols. 
2) Since the 8 SRS ports can be separated by using multiple SRS resources, the design of resource mapping and cyclic shift calculation for SRS resources in Rel-17 can be reused. 
3) It is beneficial to SRS coverage. By combing multiple SRS resources to enable 8 SRS ports, the number of SRS ports in each SRS resource is smaller than 8, then the transmit power of each SRS port can be higher than that of 8-port SRS resource.
4) It enables dynamic switching among PUSCH transmissions with 2 ports, 4 ports and 8 ports. By allowing indicating one or more SRS resources, it can be easily switched among PUSCH transmissions with 2 ports, 4 ports and 8 ports.
Proposal 2: For 8 ports SRS for codebook based PUSCH transmission, enabling 8 ports by combing SRS ports in multiple SRS resources is supported.
As the two SRS ports in the same time-frequency domain resources with consecutive cyclic shifts may have large mutual interference, mapping 8 SRS ports to multiple comb sets in FDM should be supported when the SRS ports of an 8-port SRS resource is mapped to OFDM symbols using legacy schemes. The following configurations can be considered: 
· 8 SRS ports are mapped to 2 comb sets for = 2;
· 8 SRS ports are mapped to 2 or 4 comb sets for = 4;
· 8 SRS ports are mapped to 4 or 8 comb sets for = 8. 
On cyclic shift determination for SRS, the following schemes can be considered:
· When the 8 SRS ports are mapped to 2 comb sets, the cyclic shifts for each port is calculated with
;
· When the 8 ports are mapped to 4 comb sets, the cyclic shifts for each port is calculated with
;
· When the 8 ports are mapped to 8 comb sets, the cyclic shifts for each port is calculated with
.
Proposal 3: For an 8-port SRS resource in an SRS resource set with usage “codebook”, 8 SRS ports map to multiple comb sets in FDM is supported.
Proposal 4: For an 8-port SRS resource, the following resource mapping schemes are considered:
· 8 ports are mapped to 2 comb sets in FDM for = 2;
· 8 ports are mapped to 2 or 4 comb sets in FDM for = 4; 
· 8 ports are mapped to 4 or 8 comb sets in FDM for = 8.
Proposal 5: For 8Tx SRS, the following cyclic shift calculation schemes are supported:
· For 8 ports mapped to 2 comb sets in FDM, 

· For 8 ports mapped to 4 comb sets in FDM, 

· For 8 ports mapped to 8 comb sets in FDM, 
.
2.2. 8Tx SRS for non-codebook based UL transmission
In previous meetings, the following agreements were achieved on 8Tx SRS for non-codebook based transmission:
	Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.
Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.


For 8Tx SRS for non-codebook based PUSCH transmission, one open issue is whether more than one SRS resource sets is supported. For Rel-17 M-TRP PUSCH transmission, two SRS resource sets with usage set to “nonCodebook” can be configured for two TRPs respectively. If 8 single-port SRS resources are configured in two SRS resource sets for UL 8Tx, a mechanism on identifying whether the two SRS resource sets are for UL 8Tx or for M-TRP PUSCH transmission is needed. It causes unnecessary spec efforts. Therefore for SRS configuration for non-codebook based PUSCH transmission, except for M-TRP transmission schemes, configuring multiple SRS resource sets is not preferred.
Proposal 6: For SRS configuration for non-codebook based PUSCH transmission for an 8Tx UE, except for M-TRP transmission schemes, configuring multiple SRS resource sets is not supported.
2.3. 8Tx SRS for antenna switching 
In previous meetings, the following agreements were achieved on 8Tx SRS for “antennaswitching”:
	Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols
Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)
Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
· FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.


Similar as that for 8Tx SRS for “codebook”, it is our view that for SRS with 8T8R with usage “antennaswitching”, 8 SRS ports mapped to multiple OFDM symbols in TDM, and 8 SRS ports mapped to different comb sets in FDM should be supported.
Proposal 7: For an 8-port SRS resource in an SRS resource set with usage “antennaswitching”, 8 SRS ports map to multiple OFDM symbols in TDM is supported.
Proposal 8: For an 8-port SRS resource in an SRS resource set with usage “antennaswitching”, 8 SRS ports map to multiple comb sets in FDM is supported.
3. Conclusions
In this contribution, we provided our views on the enhancement of SRS for Rel-18 UL 8Tx operation. We have the following proposals:
Proposal 1: For an 8-port SRS resource in an SRS resource set with usage “codebook”, 8 SRS ports map to multiple OFDM symbols in TDM is supported.
Proposal 2: For 8 ports SRS for codebook based PUSCH transmission, enabling 8 ports by combing SRS ports in multiple SRS resources is supported.
Proposal 3: For an 8-port SRS resource in an SRS resource set with usage “codebook”, 8 SRS ports map to multiple comb sets in FDM is supported.
Proposal 4: For an 8-port SRS resource, the following resource mapping schemes are considered:
· 8 ports are mapped to 2 comb sets in FDM for = 2;
· 8 ports are mapped to 2 or 4 comb sets in FDM for = 4; 
· 8 ports are mapped to 4 or 8 comb sets in FDM for = 8.
Proposal 5: For 8Tx SRS, the following cyclic shift calculation schemes are supported:
· For 8 ports mapped to 2 comb sets in FDM, 

· For 8 ports mapped to 4 comb sets in FDM, 

· For 8 ports mapped to 8 comb sets in FDM, 
.
Proposal 6: For SRS configuration for non-codebook based PUSCH transmission for an 8Tx UE, except for M-TRP transmission schemes, configuring multiple SRS resource sets is not supported.
Proposal 7: For an 8-port SRS resource in an SRS resource set with usage “antennaswitching”, 8 SRS ports map to multiple OFDM symbols in TDM is supported.
Proposal 8: For an 8-port SRS resource in an SRS resource set with usage “antennaswitching”, 8 SRS ports map to multiple comb sets in FDM is supported.
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