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Introduction
The Rel-18 WID [1] includes the following objectives regarding the SRS enhancements.
	4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
5. 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.



This contribution provides our views on SRS enhancement for time-division duplex (TDD) coherent joint transmission (CJT) and 8 Tx UL operations.

SRS enhancement for interference management in TDD CJT
In TDD, SRS transmissions from UEs are a main source for CSI acquisition at gNB as to both of UL and DL channels. SRS transmissions, however, can be more congested in a multi-TRP (mTRP) scenario wherein a gNB controlling mTRP capable of CJT can support more UEs (associated with a given cell ID) and need more frequent CSI acquisition. This can result in increasing the possibility of scheduling SRS resources for multiple UEs that are overlapping in given time-and-frequency resources. Therefore, potential interference across SRS transmissions from multiple UEs can be severe in congested mTRP scenarios, and thus an SRS enhancement could be needed to manage inter-TRP / cross-SRS interference targeting TDD CJT.

1.1 Support of comb-offset hopping and/or CS hopping
There are several remaining issues on comb-offset hopping and/or CS hopping.
In RAN1#112 [7], the following agreement has been made regarding comb-offset hopping and cyclic shift hopping.
	Agreement in RAN1#112
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 


Among above options, we can live with supporting both cyclic shift hopping and comb offset hopping but one of them could be configured at the same time since a UE is not needed to configure both schemes which may have similar effect on interference randomization and scheduling overhead from gNB side to manage together with legacy UE before Rel-18 which does not support such hopping functionalities. In addition, we think that combined scheme is not needed, which is too complex and redundant, and even harder to coexist with legacy UEs which may impact on both frequency and code domain. Regarding UE capability, it is natural to support separate UE capability per each hopping scheme, although corresponding details could be discussed in UE capability session later.

Proposal 1: Regarding comb-offset hopping and CS hopping, support both schemes and one of two schemes can be configured at the same time, and not support combined scheme.

In [8], the following issue is suggested to discuss in RAN1#112b-e.
	Hopping pattern in time domain
Proposal 1: For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index  based on 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.
· Down select only one option, or allow gNB to configure one of the options for a SRS resource set.


Among above options, we think that Option 1 is reasonable since it could maintain phase continuity of SRS transmissions by using same CS value among SRS repetition with more than one OFDM symbol. Since the use case of SRS repetition is to combine the results of SRS channel estimation with multiple OFDM symbols and/or estimate channel within multiple OFDM symbols jointly, we think that guaranteeing phase continuity and power consistency is important. Also, Option 1 can represent Option 2 and Option 3 as well, based on the value of R = 1 and R = Ns, respectively.

Proposal 2: For time domain hopping behavior of SRS comb offset hopping and/or cyclic shift hopping, support Option 1 (within a slot, hopping based on the repetition factor R and symbol index that is the same across the R repetitions).

1.2 Per-port cyclic shift allocation
Per-port cyclic shift (CS) configuration was listed in an agreement of RAN1#109-e [2] as one of candidate scheme for potential SRS interference randomization for TDD CJT We now discuss, and present results about how the per-port CS configuration can help reduce interference in TDD CJT. We assume that the distance between a UE and each TRP may be different. In this case, the signals of an UE belonging to TRP2 arrive at TRP1 with a propagation delay that is greater than zero. This propagation delay introduces a timing offset, which leads to more frequency selectivity in the channel and increased spectral leakage causing more interference. More specifically, the channel at the th SRS RE (resource element) gets multiplied by   where  is the timing offset due to the extra non-zero propagation delay,  is the subcarrier spacing. If we take FFT of this quantity for different values of , the result is shown in Fig. 4, where distance corresponds to the extra propagation delay from one TRP to another. Note that if the extra propagation distance is 200m, a cyclic shift  is actually perceived by the receiving TRP as .
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Figure 4. FFT of the effect of channel due to propagation delay.


The effective channel results in dispersion or spectral leakage of cyclic shifts. We now compare the legacy (existing) equi-distant CS allocation and per-port CS allocation in Fig. 5. We would like to show the effect of different propagation delay to each TRP from UE. Assuming that there are UE1 and UE2 associated with TRP1 and TRP2, respectively. Based on legacy equi-distant CS allocation, each UE is allocated CS with a gap of a half of max. CS, e.g., CS0, 6 for UE1 and CS3, 9 for UE2 with max. CS=12, as in the left side of Fig. 5. Then, due to the different propagation delay for each TRP, UE1’s SRS is arrived at TRP2 with non-zero additional propagation delay, UE1’s SRS with CS0 and CS6 may interfere with UE2’s SRS with CS3 and CS9, respectively. However, if per-port CS allocation is applied as in the right side of Fig. 5, then each UE is allocated CS per-port manner, e.g., CS0, 3 for UE1 and CS6, 9 for UE2. Then, although another UE’s SRS CS is shifted, the effect of CS interference may be minimized. 



Figure 5. Legacy vs proposed per-port CS allocation.

The proposed per-port CS allocation can also be as shown in Fig. 6. The CS domain is divided into a set of contiguous regions considering the maximum propagation delay between the TRPs. All UEs associated with a TRP are allocated CSs in an equi-distant manner in one particular region, called as CS-TRP-R (CS allocation for each TRP in particular Region). It can be extended for more number of TRPs, .e.g., 3 or 4. In general, the users whose CSs are allocated at the edges of a CS-TRP-R may have higher probability with experiencing interference due to other users from other TRPs (this follows from observations in Fig. 4).



Figure 6. A possible allocations of CSs in proposed per-port CS allocation method.

The above CS allocation results in an efficient utilization of CS resources and increases the capacity. In the simulations, the CDL-C channel model with subcarrier spacing 30 kHz, UE speed = 3km/hr, and carrier frequency 3.5 GHz are considered. Antenna configuration at gNB is 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ, UE antenna configuration was Omni-directional, in line with [3]. We assume four SRS symbols in a slot and KTC = 4 (i.e., the maximum CS of 12). The ports of the UE associated with the desired TRP are denoted by d1, d2, while the ports of interfering UE associated with the interfering TRP are denoted by i1 and i2, respectively. The extra propagation distance of the interfering UE to desired TRP is 300m. When we say d2=a, it means that CS “a” is assigned to d2.

The following scenarios are studied and compared.
1. Legacy CS allocation, no hopping: The following CS allocation is used as per existing legacy systems, d1=0, d2=6, i1=3 and i2=9. The same allocation of CS is used across the four SRS symbols.
2. Proposed per-port CS allocation, no hopping: The following new CS allocation is used, d1=0, d2=3, i1=6 and i2=9. The same allocation of CS is used across the four SRS symbols.
3. Legacy CS allocation with hopping: The CS allocation is as per Table 1.
4. Proposed per-port CS allocation with hopping: The CS allocation is as per Table 2.
5. Proposed per-port CS allocation with hopping and muting: The CS allocation is as per Table 3. In this scheme, in any OFDM symbol, the port associated with a CS that is at the edge of CS-TRP-R (CSs of 3 or 9) will not transmit any SRS (be on mute). 

[bookmark: _Ref118492634]Table 1: Legacy CS allocation with hopping.

	SRS symbol index
	d1
	d2
	i1
	i2

	11
	0
	6
	3
	9

	12
	0
	6
	9
	3

	13
	6
	0
	3
	9

	14
	6
	0
	9
	3



[bookmark: _Ref118493455]Table 2: Proposed per-port CS allocation with hopping.

	SRS symbol index
	d1
	d2
	i1
	i2

	11
	0
	3
	6
	9

	12
	0
	3
	9
	6

	13
	3
	0
	6
	9

	14
	3
	0
	9
	6



[bookmark: _Ref118493639]Table 3: Per-port CS allocation with hopping and muting.

	SRS symbol index
	d1
	d2
	i1
	i2

	11
	0
	No SRS
	6
	No SRS

	12
	0
	No SRS
	No SRS
	6

	13
	No SRS
	0
	6
	No SRS

	14
	No SRS
	0
	No SRS
	6



The following description of graph is used to quickly identify the various scenarios in the plots. 
· Black line: legacy CS allocation
· Red line: per-port CS allocation
· Dashed line: no hopping case
· Solid line: hopping case
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Figure 7: Normalized channel estimation error of legacy and per-port CS allocation scheme with no hopping.

Fig. 7 depicts the performance of normalized channel estimation error of each CS according to legacy and per-port CS allocation schemes with no hopping. Based on Fig. 7, we can see the effect of interference depending on the location of each CS. It can be seen that the performance of d2, whose CS is at the edge of the CS-TRP-R, is the one that is affected by the interference from the other TRP, while the performance of d1, whose CS is away from the edge of the CS-TRP-R is hardly affected by the interference from other TRPs. As a lower bound, we also simulate the case of single TRP (no interference from the other user served by other TRP). The per-port CS allocation ensures good performance for d1, while d2 is impaired and has bad performance, which is better than the case of legacy CS schemes where both d1 and d2 achieve bad performance. Based on the result, when we apply CS hopping into per-port CS allocation, this suggests that the hopping can consider the location within CS-TRP-R which interference can be equally affected, and the effect can be minimized or at least neutralized for all allocated ports.

Observation 1. For SRS enhancement for interference randomization in TDD CJT, in the per-port CS allocation scheme with no hopping, the ports with CS at the edge of the CS-TRP-R may experience interference as high probability.
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(a) Considering hopping only                   (b) Considering hopping & muting
Figure 8. Normalized channel estimation error of legacy and per-port CS allocation schemes with hopping/muting.

In Fig. 8(a), it is shown that the effect of hopping in both legacy and per-port CS allocation schemes can improve the performance. In Fig. 8(b), muting is also applied on top of hopping for legacy and per-port CS allocation schemes and it can improve performance further. To be specific, the performance of d2 improves when hopping is employed in the per-port CS allocation scheme as the number of times d2 is exposed to interference by virtue of being at edge of CS-TRP-R is reduced by 50%. The main reason why the performance of d2 is bad is because 50% of the time it is experiencing interference and this affects the good channel estimates it is entitled to in the other 50% of the time as well. By muting or not transmitting SRS for d2 during 50% of the transmission time, channel estimate of d2 relies only on the 50% of the good instants when it does not experience interference. Hence, by muting, we can see that the performance of d2 almost achieves the lower bound of the single TRP (i.e., no-interference case).
In addition, we would like to further elaborate on the effect of per-port CS hopping and muting, which can be seen as a simple time-division multiplexing (TDM) scheme, as follows. For example, there are two users and their ports are overlapped, e.g., d1=0, d2=3 for user 1, i1=3, i2=6 for user 2. Then, d2 and i1 are overlapped, hence they are interfered each other. It is assumed that each port of each user has power P. Then, if user 1 and user 2 mute their port d2 and i1, respectively, and the power of muted port can be added for transmitting SRS by the other un-muted port, i.e., d1 and i2, respectively, user 1 and 2 can have d1=0 and i2=6 with power 2P, respectively, in the first two OFDM symbols, and d2=0 and i1=6 with power 2P in next two OFDM symbols. Based on this approach, it is helpful for avoiding interference as CSs are separated by six units. The reduced multiplexing gain due to each user being present in only half the OFDM symbols (i.e., muting some ports) is well compensated by increasing the power as twice.
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Figure 9. Interference level of legacy and proposed methods.

Fig. 9 depicts the interference level of legacy CS allocation method and proposed per-port CS allocation method. In legacy CS allocation, all SRS ports of the UE associated with the desired TRP experience similar interference level. However, in the proposed per-port CS allocation, some SRS ports experience similar interference level as legacy, while some other SRS ports almost experience no interference at all, based on appropriate CS allocation using sub-region. To summarize, the proposed per-port CS allocation exploiting non-overlapping sub-regions of CSs per TRP effectively utilizes the CS and makes it robust to extra leakages of CSs due to different propagation distance of other UEs belonging to other TRP.

Observation 2. For SRS enhancement for interference randomization in TDD CJT, in the legacy (existing) scheme, all SRS ports of the UE associated with the desired TRP experience similar interference whereas in the proposed scheme, some SRS ports experience similar interference as legacy while some other ports almost experience no interference at all. 

Observation 3. For SRS enhancement for interference randomization in TDD CJT, by employing the hopping scheme in per-port CS allocation, performance is improved as all user ports are equally exposed to interference. Regardless of legacy or per-port CS allocations schemes, hopping in the context of each scheme can improve performance.

Observation 4. For SRS enhancement for interference randomization in TDD CJT, by muting the SRS for ports in instances when their CS is at edge of CS-TRP-R, the performance of the port is further improved as it is not exposed to interference and it is close to the lower bound of single TRP no interference case.

Proposal 3: For a multi-port SRS resource, support new CS allocation scheme to enable non-uniform CS allocation within the range [0, – 1] across ports
· This does not change the comb offset mapping across ports
· E.g., dividing [0, –1] in multiple non-overlapping sub-regions, and perform legacy CS allocation scheme within each sub-region.
· Combined with CS hopping

1.3 Power control enhancement
Until the last meeting, several options have been discussed for power control enhancement on SRS for TDD CJT.
	· Option 0: For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18 
· Option 1: For TRP-common SRS using one SRS resource set 
· Option 2: For TRP-specific SRS using one SRS resource set 
· Option 3: For TRP-common and/or TRP-specific SRS using one SRS resource set 


Regarding power control enhancement, our view is as follows.
· Regarding option 1 (TRP-common SRS), since SRS transmission power is decided by using multiple path loss, it could not compensate any path losses between the UE and any TRPs appropriately.
· Regarding option 2 (TRP-specific SRS), by compensating each path loss between a UE and each TRP, each SRS transmission occasion towarding each TRP would have different transmission power, and hence SRS reception power from each TRP side would be similar. But, since SRS transmission power is different for every SRS transmission occasion, phase continuity would be broken when gNB estimates received SRS, hence it would affect CJT scheduling from gNB side. Also, since the purpose of SRS for TDD CJT is to acquire DL channel from TRP side for TDD CJT scheduling, it is important from gNB to know difference among distances between a UE with each TRP so that gNB is able to recognize/schedule TRPs which can have better performance for CJT scheduling. However, based on option 2, gNB cannot know which TRP is the nearest or farthest TRP, so some additional feedback from UE (e.g., the order of pathlosses from each TRP) would be needed to make proper CJT scheduling.
· Regarding option 0 (no enhancement), at least for AP SRS, since all AP SRS resource sets shall have same power control parameter set (i.e., p0, alpha, pathloss reference RS, and closed loop index), this is also a TRP-common SRS, hence there is no drawback like option 2, i.e., there is no phase continuity problem and gNB can recognize difference among distances between a UE with each TRP. Also, option 0 could be better than option 1 since option 0 could appropriately compensate one of path loss values for all TRPs by using a single pathloss RS.
· Regarding the number of SRS resource sets, even option 1 and option 2 could have multiple SRS resource set at least when 1T8R AP SRS is configured since 8 SRS resources with 7 guard symbols could not be contained in a slot. Also, even option 0 could have one SRS resource set based on xTyR configuration. Hence, the number of SRS resource sets is not always “multiple” for option 0, and not always “one” for option 1, 2, and 3.
· [bookmark: _GoBack]Finally, power control enhancement on SRS for TDD CJT is not related to interference randomization or capacity enhancement, i.e., out of WID scope. Hence, we prefer to focus on other necessary issues which are not yet finalized.

Proposal 4: Not support power control enhancement on SRS for TDD CJT.

SRS enhancement for 8 TX operation
1.4 Transmission Comb and cyclic shift allocation for 8TX SRS
To support SRS 8 Tx operations, frequency-domain (e.g., transmission comb) and code-domain (e.g., cyclic shifts) components can be considered, similar to that SRS 4 Tx operation does. This direction does not much impact on UE/gNB implementation and can provide simple specification impact. Further, the decoding complexity for SRS reception at gNB can be maintained as it is decodable within each symbol (cf. TD-OCC).

Proposal 5: Consider existing frequency-domain (e.g., transmission comb) and code-domain (e.g., cyclic shifts) components to enable SRS 8-port operation, similar to that SRS 4-port operation does. 

Since transmission combs (2, 4, and 8) and the corresponding max cyclic shift (8, 12, and 6, respectively) values are already sufficiently many to support (nearly) orthogonal SRS sequences across 8 ports, it is less motivated to increase the maximum values of transmission comb and/or cyclic shifts. Also, considering that the need for SRS 8 Tx operation can occur less frequently than that for SRS x(<8) Tx in common scenarios, keeping the maximum values of Rel-17 could prevent from excessive optimization.

Proposal 6: Maintain the maximum values of transmission comb (up to 8) and cyclic shifts (up to 12) as in Rel-17 SRS.

1.5 SRS resource & SRS resource set configuration for 8TX SRS
For 8TX operations of SRS, the potential impact on the current specification is SRS resource and SRS resource set configuration. When we consider 8TX operations of SRS, the possible configured values of usage for SRS resource set are codebook, non-codebook, and antenna switching.
In RAN1#110 [4] and RAN1#110b-e [5], the followings were agreed with SRS resource and SRS resource set configurations.
	Agreement in RAN1#110
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 in RAN1#110
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 in RAN1#110
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 in RAN1#110b-e
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.

Agreement in RAN1#110b-e
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



For the usage of non-codebook, in order to support up to 8TX and the corresponding 8 layers, the number of SRS resources is naturally extended to 8 within an SRS resource set based on the legacy Rel-15 solution. On the other hand, two SRS resource sets can provide more flexible operations, and can be also used for Rel-17 mTRP PUSCH repetition schemes. We can study further about the number of SRS resource sets for the case of 8TX whether one or two SRS resource sets for non-codebook based PUSCH transmission can be used.

Proposal 7: For 8TX operation of SRS for non-codebook, consider one or two SRS resource sets and the corresponding SRS resource configuration.

1.6 Number of subsets for supporting SRS based on TDMed port mapping
For 8TX operations of SRS, the potential impact on the current specification is how to map SRS ports in time domain. When we consider 8-port SRS resource, without repetition, there are two categories.
· 1) All 8 ports can be mapped to a single OFDM symbol
· 2) Different subsets of 8 ports can be mapped to different OFDM symbols (e.g., based on TDM or TD-OCC).
Regarding the above 2), TDM based port mapping has been agreed in RAN1#112 [7] as follows.
	Agreement in RAN1#112
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.



The following step is to decide further possible value(s) of s which means the number of OFDM symbols for TDMed port mapping based SRS transmission as in the 1st FFS (s = 4, s = 8). Our view is as follows:
· When longer s values are considered, there would be more probability on overlapping with other UL channels as well as higher latency to transmit all SRS ports. To avoid overlapping as much as possible, having lower s is enough and necessary.
· Also, one of the main reason to adopt SRS with TDMed port mapping is to achieve power boosting effect considering lower per-port power level of 8-port SRS. Until Rel-17, since we already have up to 4-port SRS, we think that reducing the number of ports in a certain OFDM symbol from 8 to 2 (s = 4), or from 8 to 1 (s = 8) is not necessary, in order to have power boosting effect.
· Further, although all m values are multiple of s = 2, there are few m values which are multiple of s = 4 and 8 (especially for s = 8, there is only one m (=8) value which is a multiple of 8).
Based on the above, we think only s = 2 is enough for TDMed port mapping based SRS transmission.

Proposal 8: Not support more candidates on parameter s (i.e., not support s = 4 or 8).

1.7 SRS repetition & frequency hopping for TDMed port mapping based SRS transmission
In current specification, SRS repetition is performed by using higher layer parameter repetitionFactor in SRS-Resource which is expressed by parameter R in TS38.214, and R number of consecutive OFDM symbols are used for repetitive SRS transmission with using same cyclic shift and frequency resource, and all SRS ports are allocated in each OFDM symbol during repetition. Also, when frequency hopping is considered, the R adjacent OFDM symbols of the SRS resource can be a basic unit for frequency hopping. This is based on the legacy SRS port mapping which all ports of a SRS resource are mapped in a single OFDM symbol, i.e., non-TDMed.
Also, for a similar purpose, i.e., in order to achieve coverage gain, SRS repetition and frequency hopping are applied not only for SRS transmission with non-TDMed port mapping but also for TDMed port mapping based SRS transmission. However, given the current rule on repetition and frequency hopping for SRS transmission as mentioned above, a new rule for SRS repetition and frequency hopping for TDMed port mapping based SRS transmission are needed.
In Fig. 10, SRS repetition for legacy SRS port mapping (non-TDMed) and TDMed SRS port mapping are expressed comparing with the case of non-repetitive SRS transmission. 
· For legacy SRS port mapping, as mentioned above, R number of consecutive OFDM symbols are used for repetitive SRS transmission and it could be a basic unit of frequency hopping. 
· For TDMed port mapping based SRS transmission, when SRS repetition is not considered (i.e., R = 1), different subsets of 8 ports (e.g., subset 1: port 0 ~ 3, subset 2: port 4 ~ 7) can be mapped to different OFDM symbols, and two OFDM symbols are considered in Fig. 9. When we consider repetitive SRS transmission with TDMed port mapping based SRS transmission, we could consider cyclic mapping, where each subset is mapped first and then repeated next, or sequential mapping, where repetition of each subset is first mapped and then the next subsets are repeated. We think there are some pros and cons on each mapping method from the perspective of overlapping, latency, etc. Also, in this setup, it could be discussed how to determine the basic unit of frequency hopping.

[image: ]
Figure 10. SRS repetition for legacy SRS port mapping (non-TDMed) and TDMed SRS port mapping.

In RAN1#112 [7], the following has been agreed for port mapping pattern.
	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.


Although our view is that one of option 2-1 and option 2-2 could be configured by RRC and used depending on the situation, if we down-select one of them, cyclic mapping is preferred since it could achieve lower time difference between subsets of ports, and less dropping probability for all SRS ports.

Proposal 9: Support Option 2-1 (cyclic mapping) for TDM pattern.

1.8 Whether to consider guard period between two OFDM symbols for TDMed port mapping based SRS transmission
In current SRS transmission with usage of antenna switching, the guard period is defined and located in-between the SRS resources of a certain SRS resource set, which could be larger than or equal to 1 OFDM symbols depending on the subcarrier spacing.
For xTxR with x = 1, 2, or 4, only one SRS resource with 1, 2, or 4 ports, respectively, can be configured with any SRS resource set. For the case of x = 8, since we have been agreed that same configurations for SRS resource/resource set of xTxR with x = 1, 2, or 4 are re-used, one SRS resource with 8 ports can be configured as above. Then, for the case of 8T8R SRS resource, when TDMed port mapping is applied, then it could be discussed whether the guard period is needed or not between two OFDM symbols containing different subset of ports. Our view is that since TDMed port mapping based SRS transmission is not an antenna switching between TX antenna(s) and a certain part of RX antennas, but 8TX are already connected to 8RX and a subset of SRS ports is transmitted in different time, a UE is not needed to have additional guard period between two OFDM symbols where each symbol contains a subset of SRS ports.

Proposal 10: For TDMed port mapping based 8-port SRS transmission for antenna switching, in between two OFDM symbols where each symbol contains a subset of SRS ports, there is no need to have guard period.

1.9 Overlapping/dropping rule on TDMed port mapping based SRS transmission
In current specification, symbol-level SRS dropping when the SRS is overlapped with other UL channels have been specified. When a UE performs TDMed port mapping based 8-port SRS transmission and some OFDM symbols are overlapped with other UL channels and dropped, then SRS corresponding some subsets of 8 ports is not transmitted, then gNB cannot estimate whole UL channel consisting of 8 ports.
Since this problem is a main drawback of TDMed port mapping based SRS transmission which has been argued, enhanced overlapping and dropping rule could be discussed in order to achieve the benefits of TDMed port mapping based SRS transmission fully.
In current specification, for periodic/semi-persistent SRS, there are some overlapping/dropping rules with other UL channel/signals in current specification (e.g., overlapped with aperiodic SRS or overlapped with PUCCH including certain CSIs). Also, for periodic SRS, similar rule is defined when the periodic SRS is overlapped with semi-persistent SRS. Since these SRSs are transmitted periodically, the overlapping case could be periodically happened (e.g., overlapped with PUCCH, or overlapping between periodic SRS with semi-persistent SRS). If the order for subsets of SRS ports is maintained for every period, then certain overlapped part could never be transmitted.
Then, as a simple solution, the order of subset of SRS ports could be changed when a certain subset of SRS ports is dropped. For example, if a subset of SRS ports in some OFDM symbols is dropped in a certain period, then in the next period, the UE can change the order of transmission for the subset of SRS ports and this changed order could be maintained until dropping occurs again.

Proposal 11: For TDMed port mapping based 8-port SRS transmission, for periodically overlapped and dropped SRS, support changing the transmission order for subsets of SRS ports.

Conclusion
In this contribution, the following observations and proposals are made:

Proposal 1: Regarding comb-offset hopping and CS hopping, support both schemes and one of two schemes can be configured at the same time, and not support combined scheme.

Proposal 2: For time domain hopping behavior of SRS comb offset hopping and/or cyclic shift hopping, support Option 1 (within a slot, hopping based on the repetition factor R and symbol index that is the same across the R repetitions).

Observation 1. For SRS enhancement for interference randomization in TDD CJT, in the per-port CS allocation scheme with no hopping, the ports with CS at the edge of the CS-TRP-R may experience interference as high probability.

Observation 2. For SRS enhancement for interference randomization in TDD CJT, in the legacy (existing) scheme, all SRS ports of the UE associated with the desired TRP experience similar interference whereas in the proposed scheme, some SRS ports experience similar interference as legacy while some other ports almost experience no interference at all. 

Observation 3. For SRS enhancement for interference randomization in TDD CJT, by employing the hopping scheme in per-port CS allocation, performance is improved as all user ports are equally exposed to interference. Regardless of legacy or per-port CS allocations schemes, hopping in the context of each scheme can improve performance.

Observation 4. For SRS enhancement for interference randomization in TDD CJT, by muting the SRS for ports in instances when their CS is at edge of CS-TRP-R, the performance of the port is further improved as it is not exposed to interference and it is close to the lower bound of single TRP no interference case.

Proposal 3: For a multi-port SRS resource, support new CS allocation scheme to enable non-uniform CS allocation within the range [0, – 1] across ports
· This does not change the comb offset mapping across ports
· E.g., dividing [0, –1] in multiple non-overlapping sub-regions, and perform legacy CS allocation scheme within each sub-region.
· FFS: joint operation with CS hopping and muting

Proposal 4: Not support power control enhancement on SRS for TDD CJT.

Proposal 5: Consider existing frequency-domain (e.g., transmission comb) and code-domain (e.g., cyclic shifts) components to enable SRS 8-port operation, similar to that SRS 4-port operation does. 

Proposal 6: Maintain the maximum values of transmission comb (up to 8) and cyclic shifts (up to 12) as in Rel-17 SRS.

Proposal 7: For 8TX operation of SRS for non-codebook, consider one or two SRS resource sets and the corresponding SRS resource configuration.

Proposal 8: Not support more candidates on parameter s (i.e., not support s = 4 or 8).

Proposal 9: Support Option 2-1 (cyclic mapping) for TDM pattern.

Proposal 10: For TDMed port mapping based 8-port SRS transmission for antenna switching, in between two OFDM symbols where each symbol contains a subset of SRS ports, there is no need to have guard period.

Proposal 11: For TDMed port mapping based 8-port SRS transmission, for periodically overlapped and dropped SRS, support changing the transmission order for subsets of SRS ports.

References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, RAN#94-e
[2] Chair’s note, RAN1#109-e
[3] R1-2205391, FL Summary #3 on SRS enhancements.
[4] Chair’s note, RAN1#110
[5] Chair’s note, RAN1#110b-e
[6] Chair’s note, RAN1#111
[7] Chair’s note, RAN1#112
[8] R1-2301879, FL Summary #3 on SRS enhancements.
Microsoft_Visio____.vsdx
0
Cyclic shifts of UE ports associated with TRP1
Cyclic shifts of UE ports associated with TRP2
FFT as seen by TRP1
FFT as seen by TRP2
ncssrs, max -1
0
Cyclic shifts of UE ports associated with TRP1
Cyclic shifts of UE ports associated with TRP2
FFT as seen by TRP1
FFT as seen by TRP2
Legacy/existing CS allocation
Proposed per-port CS allocation
ncssrs, max -1



image3.emf
n

cs

srs, max 

-1 Cyclic shifts

Cyclic shifts for TRP1(CS-TRP-R) Cyclic shifts for TRP2(CS-TRP-R)

 Users  with these CSs have no 

interference from other TRPs

 Users with this cyclic shift have 

have  interference from other 

TRPs . 

CS corresponding to 

edge of CS-TRP-R


Microsoft_Visio____1.vsdx
ncssrs, max -1
Cyclic shifts
Cyclic shifts for TRP1(CS-TRP-R)
Cyclic shifts for TRP2(CS-TRP-R)
Users  with these CSs have no interference from other TRPs
Users with this cyclic shift have have  interference from other TRPs .
CS corresponding to edge of CS-TRP-R



image4.jpeg
Normalized channel estimation error

0

10 T T T
é’ & = =& £

Performance of d (or dz)'
legacy CS, no hopping

sTRP, d =0, d =6,
legacy CS, no hopping (mTRP lower bound)

Performance of d1,
proposed per-port CS, no hopping

Performance of dz,

S O A

proposed per-port CS, no hopping

5 10 15 20 25

SNR(dB)




image5.jpeg
Normalized channel estimation error

10’

102

Perfomance of d,,
proposed per-port CS and hopping

Performance of d,
proposed per-port CS, no hopping g

_Performance of d, ord,
legacy CS, hopping

Performance of d, (or d,),

legacy CS, no hopping

10 15 20 25
SNR(dB)




image6.jpeg
Normalized channel estimation error

10’

102

Perfomance of d,,

proposed per-port CS and hopping

Performance of d,
proposed per-port CS, no hopping 1

Performance of d,
proposed per-port CS, hopping and muting

STRP, d,=0,d,
legacy CS, no hopping (mTRP lower bound)

Improvement due
to hopping

= Improvement due
to muting

10 15 20 25
SNR(dB)




image7.png
Legacy CS allocation

Ccso cs1 cs2 Cs3 Ccsa CS5 Cs6 cs7

Proposed per-port CS allocation

cs0 cs1 cs2 cs3 csa css
Almost no interference Heavy interference

from other TRP from other TRP

Cs6

cs7

N -

Interference level from SRS ports
of UE belonging to other TRP

Cyclic shifts allocated to SRS ports
of an UE assigned to interfering TRP

Cyclic shifts allocated to SRS ports
of an UE assigned to desired TRP




image8.png
SRS Resource (8-port)

- port 0~7

hopping (= R)

lo=7,N;=1,R=1

lo=7,N;=4,R=4

SRS Resource (8-port)

- 1: port 0~3 - 2: port 4~7

1
1 R=2?
\

lo=7,N;=2,R=1

Ex1) Cyclic mapping

Ex2) Sequential mapping




image1.jpg
Kr

distance=100m

c =4, subcarrier spacing is 30 kHz

4 6 8
FFT bins

distance=300m

10

Y]

FFT bins

10

distance=200m

4 6 8
FFT bins

distance=400m

10 1

Y]

FFT bins

10 12




image2.emf
0

Cyclic shifts of UE ports 

associated with TRP1

Cyclic shifts of UE ports 

associated with TRP2

FFT as seen by TRP1

FFT as seen by TRP2

n

cs

srs, max 

-1

0

Cyclic shifts of UE ports 

associated with TRP1

Cyclic shifts of UE ports 

associated with TRP2

FFT as seen by TRP1

FFT as seen by TRP2

Legacy/existing CS allocation Proposed per-port CS allocation

n

cs

srs, max 

-1


