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Introduction
In this contribution, we provide our views on the enhancements of SRS in Rel-18.

 Discussion on SRS enhancement TDD C-JT
In RAN1 #109e meeting, we have come to an agreement with respect to candidate SRS enhancements to manage inter-TRP cross-SRS interference:
Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Scheme1: Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Scheme2: Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Scheme3: Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Scheme4: Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· Scheme5: SRS TD OCC
· Scheme6: Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Scheme7: Precoded SRS for DL CSI acquisition
· Scheme8: Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Scheme9: Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Scheme10: Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Scheme11: Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

In the last meeting, these candidate schemes are discussed through offline meeting. Some of them were further divided into multiple alternatives through different perspectives and provided by feature leader as follows. The Pros and Cons of different alternatives or schemes provided by different companies were also summarized. In this contribution, we further studies their Pros and Cons in the following subsection, and provide our proposal or preference.
Randomized frequency-domain resource mapping for SRS transmission
	A1: Further enhancements to frequency hopping
A1.1: Different bandwidths in FH
Pros: Interference randomization, SRS capacity enhancement
Cons: Non-uniform SRS sample pattern in time/frequency domain; additional NW coordination needed for multiplexing orthogonality
A1.2: Additional parameters for FH 
Pros: Interference randomization, SRS capacity enhancement
Cons: Non-uniform SRS sample pattern in time/frequency domain; additional NW coordination needed for multiplexing orthogonality
A1.3: More SRS bandwidth configurations for FH 
Pros: Interference randomization, SRS capacity enhancement
A2: Comb hopping
A2.1: Comb offset hopping 


For A1 and A2, both of them can be used to randomize inter-TRP SRS interference. We agree their Pros and Cons for the alternatives. In current specification, frequency hopping has been support, A1 makes frequency hopping be more complexities as additional parameters or bandwidth configuration are introduced. Accordingly, A2 is easily implemented, and it cannot make the specification be more complexity.  
Proposal 1: A2, i.e., comb hopping can be supported to randomize inter-TRP SRS interference.
Randomized code-domain resource mapping for SRS transmission
	B1: Cyclic shift hopping / randomization 
Pros: Interference randomization; one source shows throughput performance benefit
Cons: potential multiplexing issue with legacy UE; restriction on scheduling flexibility; potential reduction of SRS capacity
B2: Sequence hopping / randomization 
Pros: Interference randomization
B3: Per-hop sequence from a long SRS sequence 
Pros: SRS multiplexing; one source shows cross-correlation performance benefit
Cons: PAPR increased


In current specification, group hopping or sequence hopping has been support.  It is straightforward to enhance sequence hopping for interference randomization.  For example, the sequence hopping depends on the pseudo-random sequence  and be initialized with  at the beginning of each radio frame. If  is assigned to different values for different TRPs, the sequence of SRS resource for different TRPs can be different, such that inter-TRP SRS interference is randomized. As to B1 and B3, both of them have disadvantages. 
Proposal 2: Sequence hopping can be supported to randomize inter-TRP SRS interference.
Randomized transmission of SRS
	C: Randomized transmission of SRS, e.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
Pros: Interference randomization; one source shows channel estimation performance benefit
Cons: [Channel estimation accuracy; potential alternatives exist (long-periodicity P/SP SRS + AP SRS)]


We also have concern on the channel estimation accuracy. gNB can implement joint channel estimation for the received SRS at different instance. If SRS are transmitted on non-adjacent slot, joint channel estimation for SRS will not be effectively implemented. 
Proposal 3: Randomized transmission of SRS is not supported considering channel estimation accuracy.
Per-TRP power control and/or power control of one SRS towards to multiple TRPs
	D: Per-TRP power control and/or power control of one SRS towards to multiple TRPs 
D1: Per-TRP power control 
Pros: No gNB receive power imbalance issue due to near-far problem
Cons: Higher SRS overhead
D2: Power control based on more than 1 DL pathloss RS 
Pros: Low SRS overhead; one source shows throughput/channel estimation performance benefit
Cons: gNB receive power imbalance issue due to near-far problem


Some companies believe that Per-TRP power control or power control of one SRS towards to multiple TRPs can be used to mitigate the SRS interference. First, from our understanding, the channel is estimated based on one SRS resource as shown in Figure 1, then how could it possible to apply different transmission power to one SRS resource. Secondly, one company supports to enhance the power control of SRS for CJT to ensure that each CJT TRP can accurately receive the SRS. We are OK to discuss this issue, but it has nothing to do with SRS capacity enhancement and interference randomization.


Fig. 1 Channel estimation based on SRS resource.
Proposal 4: TRP-specific power control is not supported, and the power control of one SRS towards to multiple TRPs has nothing to do with SRS capacity enhancement and interference randomization.
SRS TD OCC
	E: TD OCC 
Pros: Capacity enhancement (for SRS with repetition); two sources show spectrum efficiency / channel estimation performance benefit
Cons: High overhead (compared to SRS without repetition); FFS when SRS is dropped on one of the OFDM symbols


SRS capacity can be increased through TD OCC. However, the application of SRS TD OCC has too much restriction. For example, if four SRS resource are multiplexed through TD OCC. At least each SRS resource are configured on adjacent 4 OFDM symbols. At the same time, four SRS resource are simultaneously transmitted. Once one condition is not satisfied, TD OCC can not work well.   
Proposal 5: SRS TD OCC is not supported considering its too restriction on application condition. 
Increasing the maximum number of cyclic shifts 
	F: Increasing the maximum number of cyclic shifts 
Pros: Capacity enhancement
Cons: Applicable only for cases with short enough delay spreads
F1: Multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts (e.g., Huawei, HiSilicon, LG Uplus)


[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK2]increasing the maximum number of cyclic shifts for a certain SRS comb structure can be considered. For example, for comb value KTC = 2, the maximum number of cyclic shifts is 8 in Rel15/16. Then, the number of SRS resources occupying the same time and frequency resources with same base sequence is up to 8. If the maximum number of cyclic shifts is set to 12/24, more SRS resources occupying the same time and frequency resources can be supported.
It should be noted that the maximum number of cyclic shifts is limited by the channel impulse response duration. Because the cyclic shift spacing should not become too small relative to the delay spread to ensure the orthogonality among SRSs with same base sequence. With smaller CS spacing, potential interference between SRSs in the same cell may be worse than before. But with an appropriate allocation method, this kind of situation could be avoided and the strong interference case, which means that, can be eliminated.
To further illustrate, assuming the maximum number of cyclic shifts is set to 12,  for first cell/TRP is selected form{0,2,4,6,8,10} and  for neighboring cell/TRP is selected form{1,3,5,7,9,11}. Then, the orthogonality for SRSs for different UE under the same cell/TRP with same RE will not be worse than before because the cyclic shift spacing does not change. What’s more, the inner product of the SRS for UEs in different cell/TRP is 0 if the base sequence is the same, because it is ensured that the cyclic shifts are different. 
Proposal 6: Increasing the maximum number of cyclic shifts for a given comb value should be supported for SRS capacity enhancement and avoiding the inter-SRS interference via CDM for SRS transmission.
Precoded SRS for DL CSI acquisition
	G: Precoded SRS for DL CSI acquisition
Pros: Capacity enhancement; one source shows throughput performance benefit, and one source shows power reduction benefit
Cons: NW does not have full MIMO channel information; UE Tx/Rx calibration complexity


We have concern about precoded SRS which supports to increase SRS capacity in spatial domain, in other word, the channel can be estimated via beamformed/Precoded SRS. At first, it might be difficult to get the accurate joint channel if precoded/beamformed SRS is used. As shown in Figure 1, we can get the separate channel H1 and H2 based on directional SRS1 and SRS2 while how can we obtain the joint/complete Channel H is an essential problem. 


Fig.2 Channel estimation based on Precoded SRS
In addition, one SRS resource can be transmitted to two TRPs via two different beams simultaneously to get the joint/complete Channel H when precoded SRS is supported. However, form our understanding, whether this is supported is based on UE capability. Therefore, we prefer to put the precoded SRS in low priority.
Proposal 7: Precoded SRS can be studied with low priority.
Enhanced signaling for flexible SRS transmission
	H: Enhanced signaling for flexible SRS transmission, e.g., dynamic update of SRS parameters 
E.g, frequency-domain parameter (e.g., BW change, comb change and/or hopping location change), power control parameter, activation by DCI for SP SRS, RPFS parameters, number of antennas in antenna switching, cancellation indication in DCI format 2_4, etc.
Pros: Flexible SRS for interference randomization
Cons: Higher signaling overhead


In order to make SRS interference randomize, SRS can be flexibly transmitted through enhanced signaling.  For example, the starting position of comb or hopping can be dynamically changed through high layer parameter configuration. It does not have much impact on specification. Hence, the specification efforts is limited compared with other schemes.
Proposal 8: Enhanced signaling for flexible SRS transmission can be supported due to its less specification efforts.
Partial frequency sounding extensions
	I: Partial frequency sounding extensions 
I1: Larger partial frequency sounding factor 
I2: Starting RB location hopping enhancements 
I3: Partial frequency hopping on other bandwidths corresponding to ,    besides the last bandwidth 
I4: Dynamic changing partial sounding parameters 


[bookmark: OLE_LINK1]Partial frequency sounding has been supported in current specification. It is straightforward to enhance partial frequency sounding for SRS interference randomization. In Rel-17 SRS coverage and capacity enhancement, frequency scaling factor Pf =2 or 4 is introduced for RB-level partial frequency sounding, and larger comb value KTC = 8 is supported as well in addition comb value KTC = 2 and 4.  For an SRS symbol, the location of SRS transmission depends on the starting point in frequency domain. In [1], the starting porting is defined as
	 	(1)
where.
In order to make users from different cells/TRPs transmit SRS on different domain location, the starting point should be different through SRS parameter configuration. E.g., different  is configured via RRC signaling. However, these parameters configured by different cells/TRPs may be same, which results that inter-TRP cross-SRS interference is still existed. In order to address the issue, the starting point of SRS transmission for different cells/TRPs can be associated with serving cell ID. For example, the frequency domain offset for partial frequency sounding can be expressed by
		(2)
where  the cell ID. Assume Pf is configred as 4, and there are four hops in a SRS peroid. Figure 3. shows the illustration of the calcualted starting point according to (2) in frequency doamin for each hop of both UE1 and UE2, where UE1 and UE 2 are located in the neighbouring cells/TRPs. Hence, the inter-SRS interference of UE1 and UE2 is avoided. 


Fig.3 the illustration of the starting point of SRS transmission for UE1 and UE2 when  

Large frequency scaling factor Pf , e.g., 8 can be supported. This scheme is not only to further enhance SRS coverage and capacity, but also can be used to avoid SRS interference. It can be regarded as the extension of scaling factor Pf. Hence, it does not have larger impact on specification so that the specification efforts can be saved.
Proposal 9: Larger Pf value and starting RB location hopping enhancements can be supported to avoid inter-TRP cross-SRS interference and increase SRS capacity via FDM for SRS transmission.
Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
	J: Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment 
J1: Configuration of  (sequence index within a group) per SRS resource 
Pros: Improved reused factor
J2: Configuration of cyclic shift per SRS port per SRS resource
Pros: Optimized CS allocation; two sources show channel estimation performance benefit


In our views, J1 for enhanced configuration of SRS transmission is similar to B2 for sequence hopping / randomization. Both of them can be used to make the SRS sequence randomize in different TRP.  Thus, we suggest these alternatives can be discussed jointly. 
Proposal 10: Configuration of  (sequence index within a group) per SRS resource can be jointly discussed with sequence hopping enhancement for randomized code-domain resource mapping.  
Resource mapping for SRS transmission based on network-provided parameters or system parameters
	K: Resource mapping for SRS transmission based on network-provided parameters or system parameters 
K1: Based on network-provided parameters, e.g., network-provided ID 
E.g., based on network-provided ID (different from cell ID) at least for , which may also be related to TRP IDs of the CJT network
Pros: Interference randomization
K2: Based on system parameters, e.g., time indexes 
E.g., based on OFDM symbol index, slot index, radio frame index, etc.
Pros: Interference randomization


Resource mapping for SRS transmission based on network-provided parameters or system parameters is similar to enhanced signaling for flexible SRS transmission. Both of them does not require more specification efforts, since high layer parameter configuration can make SRS be flexible transmission.  Compared to K2, K1 is simple and straightforward. 
Proposal 11: Resource mapping for SRS transmission based on network-provided parameters, e.g., cell ID can be supported due to its simplicity and less specification efforts.

SRS Enhancements on 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
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.

[bookmark: _GoBack]For the uplink transmission with 8Tx, further enhancements on SRS design is needed for UE supporting more than 4 layers. In current spec, only maximum 4 transmission layers for the PUSCH is supported. The following issues needed to be solved for SRS enhancements with different usages targeting RANK-8 of the 8Tx uplink transmission.
· SRS for codebook
In previous meetings, the following agreements have been made on SRS of 8Tx [2][3]:
Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH

Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)

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


In order to support the codebook based PUSCH transmission, the supported number of SRS ports of SRS resource with usage of “codebook” needs to be extended to 8 for all SRS types including periodic, semi-persistent and aperiodic SRS. There are two approaches to sound 8-port SRS, 
1） one SRS resource with 8 ports;
2） multiple SRS resources of a sum of 8 ports;

For the first approach, the 8-port SRS design should not introduce new SRS sequence and new RE mapping patterns in order to guarantee the resource sharing with legacy UEs. Several methods may be considered for the 8-port SRS design as following, 
· Aggregate 8 cyclic shifts for a configured comb value; 
· For a configured comb value, 8 different ports can be allocated to different combs, evenly distribution within the PRB in FD is more preferred;  
· FD-OCC (OCC-2 or OCC-4) applied to a set of cyclic shifts(4 CSs or 2 CSs) configured on the same time and frequency resource allocation configured to generate 8 orthogonal CDM-ed ports based on the current configured Comb.

For the second approach, the benefit is also clear that no new 8-port SRS design is required. Multiple SRS resources to sound as 8 ports SRS can be configured within a same SRS resource set, and multiple SRS resource sets can be configured to the UE. So multiple SRS resource sets with the same usage “codebook” can be configured at the same time which cannot be supported by current spec. The SRI indication should be indicated according to one or more configured SRS resource set(s) and the legacy SRI mapping tables can be reused. 

Proposal 12: 8-port SRS defined for AS can also be used for CB;    
Proposal 13: Two approaches can be supported for SRS with usage “codebook”,
1） To sound a single 8-port SRS resource over all Tx antennas; 
2） To sound over multiple SRS resources of a sum of 8 ports; 

· SRS for non-codebook
In RAN1#110 meeting, the following agreement has been made on SRS of 8Tx [3]:
Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 


To support the non-codebook based PUSCH transmission of up to RANK 8, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8.
Also another approach can be considered that 8 single-port SRS resources can be configured into multiple SRS resource sets. And the related SRI design is required which would be discussed in AI9.1.4.2.
Proposal 14: Both alt.1 and alt.2 can be supported, we prefer Alt.3 for better scheduling flexibility, including following approaches,
1) A single SRS resource set configured with up to 8 single-port SRS resources
2) Up to two SRS resource sets, each configured with up to 4 single-port SRS resources

· SRS for antenna switching

In RAN1#110 meeting, the following agreement has been made on SRS of 8Tx [3]:

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.


The SRS configured for antenna switching also needs to be enhanced for all SRS types including periodic, semi-persistent and aperiodic SRS. The antenna switching configuration supportedSRS-TxPortSwitch of “8T8R” should be specified. UE reports a combo of antenna switching configurations as UE capabilities.
For 8Tx, SRS resources for antenna switching can also be sounded with different antenna groups in different symbols. Multiple SRS resource sets are needed for the sounding of different antenna groups.

Proposal 15: Support SRS for AS transmitted in multiple symbols with different antenna port groups mapping to different symbols;
Proposal 16: The SRS resource enhancements for AS/CB/NCB can be applied to all P/SP/AP SRS.

Conclusion
In this contribution, we provide our views of the enhancements on SRS design, our proposals are as follows:
SRS enhancements on TDD C-JT:
Proposal 1: A2, i.e., comb hopping can be supported to randomize inter-TRP SRS interference.
Proposal 2: Sequence hopping can be supported to randomize inter-TRP SRS interference.
Proposal 3: Randomized transmission of SRS is not supported considering channel estimation accuracy.
Proposal 4: TRP-specific power control is not supported, and the power control of one SRS towards to multiple TRPs has nothing to do with SRS capacity enhancement and interference randomization.
Proposal 5: SRS TD OCC is not supported considering its too restriction on application condition. 
Proposal 6: Increasing the maximum number of cyclic shifts for a given comb value should be supported for SRS capacity enhancement and avoiding the inter-SRS interference via CDM for SRS transmission.
Proposal 7: Precoded SRS can be studied with low priority.
Proposal 8: Enhanced signaling for flexible SRS transmission can be supported due to its less specification efforts.
Proposal 9: Larger Pf value and starting RB location hopping enhancements can be supported to avoid inter-TRP cross-SRS interference and increase SRS capacity via FDM for SRS transmission.
Proposal 10: Configuration of  (sequence index within a group) per SRS resource can be jointly discussed with sequence hopping enhancement for randomized code-domain resource mapping.  
Proposal 11: Resource mapping for SRS transmission based on network-provided parameters, e.g., cell ID can be supported due to its simplicity and less specification efforts.

SRS enhancements on 8Tx UL:
SRS for CB:
Proposal 12: 8-port SRS defined for AS can also be used for CB;    
Proposal 13: Two approaches can be supported for SRS with usage “codebook”,
1） To sound a single 8-port SRS resource over all Tx antennas; 
2） To sound over multiple SRS resources of a sum of 8 ports; 
SRS for NCB:
Proposal 14: Both alt.1 and alt.2 can be supported, we prefer Alt.3 for better scheduling flexibility, including following approaches,
1) A single SRS resource set configured with up to 8 single-port SRS resources
2) Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
SRS for AS:
Proposal 15: Support SRS for AS transmitted in multiple symbols with different antenna port groups mapping to different symbols;
Proposal 16: The SRS resource enhancements for AS/CB/NCB can be applied to all P/SP/AP SRS.
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