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1. [bookmark: _Ref521334010]Introduction
In previous meetings, it was agreed to specify SRS enhancements for TDD CJT and UL 8Tx, and several agreements have been reached. In this contribution, we present our views on the design of SRS for TDD CJT and UL 8Tx operation.
2. Discussion
2.1. SRS enhancement targeting TDD CJT 
In previous meetings, it was agreed to specify SRS enhancements targeting TDD CJT, and several agreements were reached. 
	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one
 
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with a network-configured ID.
· FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
· FFS: The relation between the legacy group / sequence hopping and the new hopping

Agreement
For SRS interference randomization, support one from the following options (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 


In this contribution, we provide our views on the design of SRS for TDD CJT, including the selection of comb offset hopping and cyclic shift hopping, the initialization of the network-configured ID, and SRS capacity enhancement. 
2.1.1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]SRS comb offset hopping and cyclic shift hopping
1. 
2. 
2.1 
2.1.1 
The selection of comb offset hopping and cyclic shift hopping
In the previous meetings, for randomization of SRS interference, the issue of choosing one of the comb offset hopping and cyclic shift hopping or a combination of the two was discussed. We support the combination of both comb offset hopping and cyclic shift hopping, as it provides finer hopping granularity and can achieve better interference randomization. If there are comb offsets and  cyclic shifts, there are total  orthogonal resources, each of which corresponds to one comb offset and one cyclic shift. Different ports are orthogonal if they are associated with different resource offset. This increases hopping granularity compared to comb offset hopping or cyclic shift hopping.
If only one of them is supported, cyclic shift hopping is preferred due to the fact that cyclic shift hopping provides finer hopping granularity. For comb offset hopping, SRS can hop up to 2 values for comb 2, up to 4 values for comb 4, and up to 8 values for comb 8. For cyclic shift hopping, SRS may hop up to 8 values for comb 2, up to 12 values for comb 4, and up to 6 values for comb 8.
Proposal 1: Support the combination of comb offset hopping and cyclic shift hopping.
The initialization of the network-configured ID
For the initialization of pseudo-random sequence, optional IDs are cell ID, C-RNTI, SRS sequence ID or a new ID. The network configured ID should be a new ID for the following reasons:
If  is initialized to cell ID, all UEs in the same cell have the same initialization, the comb (or CS) value remains the same which is not flexible. If sudden interference or configuration errors are encountered, persistent interference may occur.
If  is initialized to C-RNTI, due to the different hopping patterns of different UEs, it is difficult to multiplex different UEs in the same symbols, and it is difficult to ensure orthogonality, which will cause interference.
SRS sequence ID inherits the initialization of sequence hopping/group hopping. Reusing the SRS sequence ID would complicate the configuration of this parameter as the sequence hopping and comb/cyclic shift hopping need to be jointly considered.
Proposal 2: The initialization of the network-configured ID should be a new ID.
2.1.2. SRS capacity enhancements 
2.1.2 
SRS TD OCC
With TD OCC, the same SRS on adjacent OFDM symbols can be distinguished by orthogonal cover codes, such as {+1, +1}, {+1, -1}, etc [1]. Compared to repeated SRS on multiple OFDM symbols, SRS for TD OCC can be transmitted on multiple OFDM symbols and multiplexed with other SRS in an orthogonal manner, thus increasing SRS capacity. However, compared with single-symbol TDM/FDM SRS mapping, the SRS capacity has not been increased.
To support SRS TD OCC, multiple OFDM symbols must be configured for each SRS port, which adds overhead compared to single-symbol transmissions. Given the limited time/frequency resources for SRS in TDD CJT, it is unclear whether multiple OFDM symbols can be provided for SRS. Moreover, due to multiple adjacent ODFM symbols being occupied, the application of SRS TD OCC has some restrictions. For example, the channel estimation performance would be degraded in medium/high-speed scenarios. It is also difficult to design TD-OCC for different numbers of repetitions on a case-by-case basis, and it is more likely to collide with other uplink resources.
Proposal 3: TD-OCC is not supported for SRS in Rel-18.
Precoded SRS for DL CSI acquisition
According to existing specifications, SRS for DL CSI acquisition is not precoded, which is similar to codebook-based SRS for UL CSI acquisition. For a 4-port SRS, it consumes four times more resources in the time domain, frequency domain and code domain than a 1-port SRS. The benefit of supporting precoded SRS for DL CSI acquisition is that SRS overhead may be reduced and SRS capacity may be increased, with the overhead reduction being more pronounced for SRS with 8 or more ports.
However, there are some limitations that make precoded SRS for DL CSI acquisition unsupportable. Precoded SRS requires UE to have channel reciprocity to derive the precoded matrix/beam of SRS, and there is no complete MIMO channel information on the network side. UE Tx/Rx antennas need to be calibrated to ensure consistency between transmitter and receiver, but antenna calibration introduces significant complexity for UE. This is different from non-codebook based PUSCH transmission. With non-codebook based PUSCH transmission, even UE Tx/Rx antennas are not well calibrated, gNB is able to set transmission parameter that matches the imperfect UL precoders. However, if the precoded SRS is used to derive DL precoders, the DL precoders may deviate much from the desired DL precoders and deteriorate system performance significantly. As a result, we do not support precoded SRS for DL CSI acquisition.
Proposal 4: Do not support precoded SRS for DL CSI acquisition.
2.2. SRS enhancement for UL 8Tx
In previous RAN1 meetings, the following agreements were reached regarding 8Tx SRS for codebook based PUSCH transmission and antenna switching. In this section, we discuss the sequence generation, resource mapping and power control for SRS enhancement for UL 8Tx.
	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 an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets

Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


2.2.1. 8Tx SRS for codebook based UL transmission and antenna switching
In Rel-17, all of the SRS ports for an SRS resource are mapped to the same time-domain resources. In order to reduce 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. 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. 
For an SRS resource, a transmission comb number  can be configured as 2, 4, or 8, with the corresponding maximum number of cyclic shifts  being 8, 12, or 6, respectively. For a 4-port SRS resource, 1 and 2 comb offsets are supported for comb 2 and comb 4, and 2 comb offsets are supported for comb 8. Therefore, for a 4-port SRS resource, the minimum cyclic shifts difference between two SRS ports mapping to the same OFDM symbol is:
· For comb 2: 2 for 1 comb offset, and 4 for 2 comb offsets;
· For comb 4: 3 for 1 comb offset, and 6 for 2 comb offsets;
· For comb 4: 3 for 2 comb offsets. 
For an 8-port SRS resource mapped to the same OFDM symbols, same maximum minimum cyclic shifts difference between two SRS ports is preferred, i.e., for comb 4, in addition to 2 comb offsets, 4 comb offsets should be supported.
Proposal 5: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 4 comb offset for comb 4 is supported. 
In RAN1#111 meeting, it was agreed that different SRS ports of a 8-port SRS resource can be mapped onto different OFDM symbols in TDM. However, the benefits of mapping different SRS ports to unequal number of OFDM symbols, and the benefit of mapping unequal number of SRS ports across different OFDM symbols, are not clear. Therefore, it is preferred to have the same number of SRS ports in each OFDM symbol and the same number of OFDM symbol(s) for each SRS port..
Proposal 6: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto different OFDM symbols (i.e. TDM), 
· All OFDM symbols are mapped with the same number of SRS ports;
· All SRS ports are mapped onto the same number of OFDM symbol(s).
Mapping different SRS ports to too many OFDM symbols would increase latency of SRS resource transmission and reduce the number of repetitions for each SRS ports. Therefore, large values of m (where m is the number of OFDM symbols for one repetition of the SRS) are not preferred.
Proposal 7: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto m different OFDM symbols (i.e. TDM), 
· m = 2, 4 are supported;
· The SRS resource can be configured with 2, 4, 8, 10, 12, 14 OFDM symbols for m=2, and 4, 8, 12 OFDM symbols for m=4;
· Note: m is the number of OFDM symbols for one repetition of the SRS.
For an 8-port SRS resource with different SRS ports mapped onto different OFDM symbols in TDM manner, when m = 2 is configured, at least same number of comb offsets as that for a 4-port SRS resource in Rel-17 can be considered, and when m = 4 is configured, at least same number of comb offsets as that for a 2-port SRS resource in Rel-17 can be considered.
Proposal 8: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto m different OFDM symbols (i.e. TDM): 
· For m = 2, at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 1 and 2 comb offset
· For comb 8, support 2 comb offsets
· For m = 4, at least support:
· For comb 2, support 1 comb offset
· For comb 4, support 1 comb offset
· For comb 8, support 2 comb offsets
For a 4-port SRS resource,  is used to indicate whether the 4 ports are mapped to 1 comb offset or 2 comb offsets when comb 2 or comb 4 is configured. When , the 4 ports are mapped to 2 comb offsets, otherwise, the 4 ports are mapped to 1 comb offset. For an 8-port SRS resource, similar mechanism can be considered, i.e.,  is used to indicate the number of comb offsets.
Proposal 9: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), the number of the comb offsets is indicated by . 
In Rel-17, the transmit power for an SRS resource is split equally across the antenna ports of the SRS resource. When 8 SRS ports are mapped onto different OFDM symbols in TDM manner, each OFDM symbol is mapped with part of SRS ports. At least for UEs with UE Capability 1 under Rel-16 UE capability definitions, they are capable of transmitting SRS resources in each OFDM symbols with full power, which can improve SRS coverage and reliability. Therefore, power control enhancement for SRS can be considered, e.g., splitting the transmit power for an SRS resource equally across the antenna ports mapped onto one OFDM symbol, instead of splitting the transmit power for an SRS resource equally across all antenna ports of the SRS resource. 
Proposal 10: Power control enhancement shall be considered when 8 SRS ports are mapped onto different OFDM symbols. 
2.2.2. 8Tx SRS for non-codebook based UL transmission
In previous meetings, the following agreements were reached regarding 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 of identifying whether the two SRS resource sets are for UL 8Tx or for M-TRP PUSCH transmission is needed when they are enabled simultaneously. 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 11: 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.
3. [bookmark: _GoBack]Conclusions
In this contribution, we provided our views on the enhancement of SRS for Rel-18 TDD CJT and UL 8Tx operation. We have the following proposals:
Proposal 1: Support the combination of comb offset hopping and cyclic shift hopping.
Proposal 2: The initialization of the network-configured ID should be a new ID.
Proposal 3: TD-OCC is not supported for SRS in Rel-18.
Proposal 4: Do not support precoded SRS for DL CSI acquisition.
Proposal 5: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 4 comb offset for comb 4 is supported. 
Proposal 6: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto different OFDM symbols (i.e. TDM), 
· All OFDM symbols are mapped with the same number of SRS ports;
· All SRS ports are mapped onto the same number of OFDM symbol(s).
Proposal 7: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto m different OFDM symbols (i.e. TDM), 
· m = 2, 4 are supported;
· The SRS resource can be configured with 2, 4, 8, 10, 12, 14 OFDM symbols for m=2, and 4, 8, 12 OFDM symbols for m=4;
· Note: m is the number of OFDM symbols for one repetition of the SRS.
Proposal 8: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS ports are mapped onto m different OFDM symbols (i.e. TDM): 
· For m = 2, at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 1 and 2 comb offset
· For comb 8, support 2 comb offsets
· For m = 4, at least support:
· For comb 2, support 1 comb offset
· For comb 4, support 1 comb offset
· For comb 8, support 2 comb offsets
Proposal 9: For single SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), the number of the comb offsets is indicated by . 
Proposal 10: Power control enhancement shall be considered when 8 SRS ports are mapped onto different OFDM symbols. 
Proposal 11: 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.
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