
Page 1

3GPP TSG RAN WG1 #112bis-e	R1-2302784
e-Meeting, April 17th – April 26th, 2023

Source:	Intel Corporation
Title:	Discussion on SRS enhancement in Rel-18
Agenda item:	9.1.3.2
Document for:	Discussion and Decision
1. Introduction
In RAN1 #112 meeting, the following agreements and conclusions were reached on SRS enhancement.
	[bookmark: _Hlk118393120]Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability
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 one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 
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 non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behaviour depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 
Conclusion
No consensus to support SRS TD OCC for TDD CJT SRS enhancement in Rel-18.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.
Conclusion
No consensus to support the following for TDD CJT SRS enhancement in Rel-18:
· Further enhancements to frequency hopping 
· Sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· Precoded SRS for DL CSI acquisition
· Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
· Configuration of v (sequence index within a group) per SRS resource
· Multiplying mask sequence to the legacy SRS sequence


In this contribution, we provide our views on the corresponding SRS enhancements for Rel-18.
2. Discussion on SRS enhancements for Rel-18
2.1 SRS for coherent JT
2.1.1 Interference randomization
In RAN1 #112 meeting, the time domain hopping behaviour was discussed for comb offset hopping and cyclic shift hopping. There are several options as shown in below table.



	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behaviour depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame.



With comb offset hopping or cyclic shift hopping, if it is based on symbol index, it means the comb offset assignment and cyclic shift assignment would dynamically change within the slot. However, in legacy spec the comb offset or cyclic shift configuration for an SRS resource is semi-statically configured by RRC. For SRS transmission within one slot, the comb offset and the cyclic shift are the same across all the SRS symbols within the slot. For coherent JT, if the comb offset and/or cyclic shift hopping is performed at OFDM symbol level, it would be more complicated for multiplexing with legacy UEs, as illustrated in Figure 1.


[bookmark: _Ref118384604]Figure 1 Comb offset hopping

Therefore, it is preferred that the comb offset hopping or cyclic shift hopping is performed at slot level, i.e., based on slot index. And consequently, the comb offset hopping or cyclic shift hopping should be for periodic/semi-persistent SRS.
Proposal 1:
· For the comb offset hopping/cyclic shift hopping, no intra-slot hopping is preferred.

2.1.2 SRS power control
In multi-TRP scenario with coherent JT operation, if the SRS transmitted toward one TRP is also used by another TRP for DL CSI acquisition, there might be an issue due to power control. In order for the SRS to be heard by both TRPs, the SRS power may need to be set so high that it may cause severe interference to the closer TRP. In RAN1 #112 meeting, the SRS power control enhancement was discussed. However, consensus could not be reached. There are several candidate options as shown below.

	Proposal 2.5C: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from the following options:
Option 1 (For TRP-common SRS):
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
Option 2 (For TRP-specific SRS):
M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource can be towards different TRPs
Only for P/SP SRS
Option 3 (For TRP-common and/or TRP-specific SRS):
M (M >= 1) power control processes for the SRS resource set where each of the M power control process is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
FFS: Only for P/SP SRS or for P/SP/AP




With Option 1, only one SRS power control state is configured while multiple pathloss RSs could be configured. In this way, the SRS output power may be derived by averaging over the pathloss from different pathloss RSs. However, this fundamentally does not solve the key issues – it is possible that the TRP that is farther away is not able to hear while still causing severe interference to the TRP that is closer.
With Option 2, more than one SRS power control process is configured for the SRS resource set. The power control process is based on a different power control parameter set (P0, alpha, and closed loop state) associated with a different pathloss reference signal. At different transmission occasions the SRS could be transmitted towards a different TRP. Since the power control parameters are TRP specific, with Option 2, the SRS power control could be more accurate toward each of the TRPs. 
Therefore, Option 2 is the preferred solution for SRS power control enhancement.
Proposal 2:
· For SRS power control enhancement, support Option 2, i.e., more than one power control state and more than one pathloss reference signal could be configured.

2.2 SRS for 8Tx UL transmission
2.2.1 TDM pattern for 8-port SRS over multiple symbols
In RAN1 #111 meeting, it was agreed that for an SRS resource configured with 8-ports and multiple OFDM symbols, the 8 ports could be mapped over multiple OFDM symbols in a TDM-ed manner, i.e., different SRS ports could be mapped onto different OFDM symbols. 
In RAN1 #112 meeting, the TDM factor for 8-port SRS was agreed, which is . The 8 ports could be split into  subsets, and the number of ports in each subset is . The value of  could be 2. And  is for further discussion.
In our view, larger value of  requires more time domain resources to sound the entire 8 ports. Considering that the number of uplink symbols is always limited in TDD,  is sufficient for 8-port SRS operation.
Proposal 3:
· Regarding the TDM factor for TDMed SRS with 8-ports, it’s not necessary to support the value of 4 and 8.

For TDMed 8-port SRS, another issue is the mapping pattern. In RAN1 #112 meeting, two options were agreed to further down selection. The first option is cyclical mapping, and the second option is sequential mapping.
For example, a 8-port SRS resource is configured with 4 OFDM symbols, and the value of  is applied, i.e., the 8-ports are split into two subsets. With cyclical mapping, the  subsets of ports are mapped in manner {1, 2, 1, 2} over the four OFDM symbols. With sequential mapping, the  subsets of ports are mapped in manner {1, 1, 2, 2} over the four OFDM symbols.
Both options can work. However, with cyclical mapping, the 8-ports can be transmitted over adjacent symbols which might be better for channel estimation performance.
Therefore, the cyclical mapping is slightly preferred.
Proposal 4:
· Regarding mapping pattern for TDMed SRS with 8-ports, the cyclical mapping is slightly preferred.

2.2.2 Tx power for TDMed SRS with 8-ports
For TDMed SRS which is configured with 8-ports, multiple OFDM symbols are configured. For example, some OFDM symbol could be mapped with four SRS ports and some OFDM symbol could be mapped with another four SRS ports. In this way, the transmit power over each SRS port could be boosted compared with the case that eight SRS ports are mapped over one OFDM symbol.
However, according to the legacy spec, the power boosting can’t be achieved. As shown below which is copied from TS38.213, the SRS transmit power should be equally split over the configured antenna ports. For the TDMed SRS, 8-ports will be configured. Therefore, the SRS transmit power should be split over eight ports which is the same as the case that eight SRS ports are mapped over one OFDM symbol. Correspondingly, there is no power boosting gain for the TDMed SRS.

	…
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For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 
…



Therefore, spec change is needed to allow the power boosting operation for TDMed SRS. For example, for TDMed SRS, the transmit power could be equally split across the SRS ports over one OFDM symbol.
Proposal 5:
· For TDMed SRS with 8-ports, the SRS transmit power could be equally split across the SRS ports over one OFDM symbol to allow power boosting.

3. Conclusion
In conclusion, we have the following proposals on SRS enhancements in Rel-18.
Proposal 1:
· For the comb offset hopping/cyclic shift hopping, no intra-slot hopping is preferred.
Proposal 2:
· For SRS power control enhancement, support Option 2, i.e., more than one power control state and more than one pathloss reference signal could be configured.
Proposal 3:
· Regarding the TDM factor for TDMed SRS with 8-ports, it’s not necessary to support the value of 4 and 8.
Proposal 4:
· Regarding mapping pattern for TDMed SRS with 8-ports, the cyclical mapping is slightly preferred.
Proposal 5:
· For TDMed SRS with 8-ports, the SRS transmit power could be equally split across the SRS ports over one OFDM symbol to allow power boosting.
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