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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.



In the last e-meeting, the followings were agreed. 
	Agreement
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205391 for system-level simulations
· Details are provided in Appendix 4 of R1-2205391 for link-level simulations.

Agreement
For 8 Tx SRS, a starting point of UE antenna configurations can be:
· (M, N, P; Mg,Ng; Mp, Np) = (2,2,2; 1,1; 2,2), (dH, dV) = (0.5, 0.5)λ, or
· (M, N, P; Mg,Ng; Mp, Np) = (1,4,2; 1,1; 1,4), (dH, dV) = (0.5, 0.5)λ.
· FFS other 8 Tx UE antenna configuration and alignment with outcomes from other agenda items.

Agreement
· Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.

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
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· 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
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to b , besides the last bandwidth 
· 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.
· 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.

Agreement
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.

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 SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE , BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.



This contribution provides our views on SRS enhancement for time-division duplex (TDD) coherent joint transmission (C-JT) 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.
In RAN1#109-e [2], a long list of potential schemes for interference randomization has been agreed to study and investigate further. We would like to share our brief views on each potential scheme.
· Regarding randomized transmission of SRS, since periodic/semi-persistent SRS are important resource for both gNB and UE side, muting those resources dynamically can impact on system performance. Besides, if it is really needed, we can do (i.e., mute) based on dynamic SFI even in current specification. Hence, we don’t think this direction is meaningful.
· Regarding some approaches (TD-OCC, increasing the maximum number of cyclic shift, enhanced signalling for flexible SRS transmission (e.g., dynamic update of SRS parameters), and the extension of partial frequency sounding), since RAN1 extensively discussed about those issues in Rel-17 SRS enhancement, and concluded that further enhancement on these directions is not necessary and is hard to be justified, hence the motivation of revisiting these issues is quite low. Instead, we can focus on the other promising aspects.
· Regarding precoded SRS for DL CSI acquisition, since precoded SRS has been adopted only for SRS as usage of non-codebook, and this requires more CSI-RS resources for estimating DL channels and additional burden from UE side for precoding.
· Regarding resource mapping for SRS transmission based on network-provided parameters or system parameters, since a number of TRPs are involved for TDD CJT, it can be a good approach if this is combined with other aspects.

Based on the above analysis, we prefer to focus on the following three directions to achieve the goal of Rel-18 MIMO WID since exploiting frequency domain, code domain (e.g., cyclic shift or root sequence), and power domain can be basic resource to make interference randomization.
· Enhanced frequency hopping pattern
· Enhanced code-domain (e.g., cyclic shift, root sequence) hopping
· Enhanced power control scheme

1.1 Enhanced frequency hopping pattern
Due to asymmetric distances from TRPs for a given UE, it could be beneficial to allow more flexible SRS resource allocation, for example, that enables different RB size allocation across symbols in frequency hopping SRS transmission. By assigning uneven (unequal) size of RBs across symbols, controlling stronger/weaker power allocations across symbols can be feasible to randomize/manage interference with consideration for distant/close TRPs in UL CSI acquisition. Notice that when SRS transmissions for multiple UEs in given time-and-frequency resources need to be scheduled, power-domain difference across the UEs and symbols can also be exploited through enhanced frequency hopping patterns, e.g., gNB can schedule SRS resources for multiple UEs to be overlapping on time-and-frequency domains but differentiating in power domain on purpose, considering advanced receiver methods (e.g., successive interference cancellation, SIC, advanced inter-/extrapolation methods) are utilized at gNB. 
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Figure 1. Example of different-size resource allocation across symbols in frequency hopping.

Figure 1 shows an example of different-size resource allocation across symbols in frequency hopping. As shown in the example, the gNB allocates different-size resource allocation for each UE with consideration for distant/close TRPs. Here, the gNB assigns orthogonal resources for UEs experiencing similar signal powers from TRPs (e.g., UE1/UE2 pair, UE3/UE4 pair) with allowing partially overlapping resources for UEs experiencing different signal powers from TRPs (e.g., UE1/UE3, UE2/UE4). The interference for the partially overlapping resources across the UEs can be handled by advanced receiver techniques at the gNB by exploiting signal power differences, which NW can consider before scheduling SRS resources for the UEs.
In the last meeting, a list of alternatives for SRS enhancement targeting TDD CJT scenario was agreed. Among the alternatives of the list, we suggest to focus on 1) randomized frequency-domain resource mapping for SRS transmission targeting enhanced frequency hopping pattern, and 2) randomized code-domain resource mapping for SRS transmission. 

Proposal 1: Support the followings:
1) randomized frequency-domain resource mapping for SRS transmission, targeting frequency hopping patterns, e.g., unequal-size SRS BW allocations across symbols in frequency hopping SRS transmission, and
2) randomized code-domain resource mapping for SRS transmission, e.g., cyclic-shift (CS) hopping across time symbols/slots.

In order to realize enhanced frequency-hopping pattern, a number of different SRS bandwidths () in an SRS frequency-hopping configuration can be defined. In this case, enhanced frequency-hopping patterns for SRS transmission can be determined by  and , where 
· , and
· .

Some examples of  and  could be a function of  and  under a modulo operation of :
· , where  is a function of  to vary the length of the SRS sequence across time index.
· Ex) , where  and  when .
· , where  is a function of  to adjust the frequency-domain position offset according to values of .
· Ex) , where  and  when .
Note that  implies a decimal number  corresponding to , where  is the most significant digit and  is the least significant digit when  is -nary digit for . With proper output values of  and  (as in the above example for ),  different SRS BWs can be alternately assigned from the lowest frequency-hopping position to the highest frequency-hopping position, while ensuring the RBs of adjacent SRS sequences (e.g., for  and ) to be non-overlapping.
Figure 2 shows a realization of enhanced SRS frequency hopping when .
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Figure 2. A realization of enhanced SRS frequency hopping when  

Proposal 2: Introduce a number of different SRS bandwidths  in an SRS frequency-hopping configuration.

1.2 Enhanced code domain (e.g., cyclic shift, sequence) hoping
In Rel-17 SRS enhancement, the supported number of symbol repetitions has been increased up to 14 for SRS coverage enhancement. This could be useful in TDD CJT scenarios wherein cell-edge UEs that usually need a larger number of symbol repetitions are targeted as CJT candidates. On the other hand, inter-SRS interference could be worse across such scheduled UEs due to that situations under limited time/frequency resources can further frequently happen. To reduce interference in such scenarios, code-domain hopping (e.g., cyclic shift, and sequence group/number) across time symbols/slots can be considered for interference randomization across scheduled UEs, as shown in Figure 3. Code-domain hopping across symbols in frequency hopping SRS transmission can also be considered 
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Figure 3. Example of code-domain hopping

We may model cyclic-shift (CS) hopping as , where 
·  is contained in the higher-layer parameter transmissionComb, and
·  is a new parameter (a function of time index) for CS hopping offset.

Two approaches for the CS hopping offset can be considered based on:
· Pseudo-random function using the pseudo-random sequence , and
· Indicating some pattern from a pre-defined set of CS hopping patterns or from a regular hopping pattern generator
Utilizing pseudo-random function is simple for NW to configure UE in order to perform SRS transmission with CS hopping in a pseudo-random manner, and thus it could be effective to randomize overall system interference without a complex scheduling algorithm. In addition, regular hopping patterns not relying on a pseudo-random generator could also be beneficial to effectively manage interference within mTRP’s own cell with an advanced scheduling algorithm, especially in scenarios where interference from other cells is limited. Hence, we propose the following:

Proposal 3: Consider two approaches for CS hopping using 1) a pseudo-random function and 2) a pre-defined set of CS hopping patterns or a regular hopping pattern generator.

1.3 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 is the actual channel and effects of 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. 7. The CS domain is divided into a set of contiguous regions and the regions are separated by a guard band corresponding to maximum propagation delay between the TRPs. All UEs associated with a TRP are allocated CSs in an equi-distant manner in one particular region. It can be extended for more number of TRPs, .e.g., 3 or 4.



Figure 6. A possible allocations of CSs in proposed method.

The above CS allocation also results in efficient utilization of CS resources and increases the capacity. Figure 8 depicts the performance comparison of proposed and legacy/existing CS allocation schemes. In the simulation, 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 in line with [3]. The Black curve indicates legacy/existing CS allocation scheme with the propagation distance of UEs from interfering TRPs close to zero, while the Red curve indicates legacy/existing CS allocation scheme with the propagation distance of UEs from interfering TRPs at 200m, 500m. It can be seen that there is significant performance degradation at larger propagation distances. For the same propagation distances, the Green curve indicates the proposed CS allocation scheme and the degradation in performance due to large propagation distances between TRPs is almost removed. The figure mainly depicts how performance can be improved with per-port CS allocation. When used in conjunction with other schemes like CS hopping and comb hopping, the performances can further be improved.


[image: ]
Figure 7. Performance comparisons of proposed and legacy/existing CS allocation schemes.

Proposal 4:For TDD CJT, to minimize interference, Consider a CS allocation scheme where CS are allocated in a contiguous fashion over a region in CS domain for a TRP, followed by a guard band, followed by contiguous allocation in another region for the next TRP and so on. In each region. Similar to existing legacy, we can allocate CS in an equi-distant manner. For further flexibility, the maximum cyclic shift can be independent of KTC.

1.4 Enhanced power control scheme
In multi-TRP scenario targeting TDD CJT, SRS transmissions are received by multiple distributed TRPs for DL CSI acquisition. It is mostly probable that the power control parameter setting is different across transmission to different TRP. Hence, in addition to consider frequency and code-domain hopping as above, one approach for multi-TRP CJT scenario to randomize cross-SRS interference is to dynamically indicate power control parameters for the SRS resource sets prior to transmission across TRPs accordingly. This dynamic update can be done either by MAC-CE in similar approach for Rel-16 MAC-CE based spatial relation information update for AP/SP-SRS resources or alternatively by RRC configuring multiple sets of power control parameters and then using DCI to indicate one of those configurations prior to transmission across TRPs. Based on this approach, interference randomization could be additionally achieved by controlling power control parameters for each TRP dynamically.

Proposal 5: Consider dynamic indication of power control parameters to randomize cross-SRS interference additionally.

SRS enhancement for 8 TX operation
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 6: 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 max values of Rel-17 could prevent from excessive optimization.

Proposal 7: Maintain the maximum values of transmission comb (up to 8) and cyclic shifts (up to 12) as in Rel-17 SRS.

Based on the current possible values of transmission comb and the corresponding maximum cyclic shift as mentioned above, the issue is how to allocate comb and cyclic shift for each port considering 8-port SRS resource. Since 8-port SRS resource would be used for UL traffics from CPE and/or FWA-like high-end devices, achieving better channel estimation performance might be necessary. For that purpose, appropriate allocation methods for comb and cyclic shift seems to be defined.
In Figs. 8 and 9, we would like to show the simulation results of normalized channel estimation error with respect to SNR for each CS allocation for a certain Comb value in different delay spread values. In the simulation, 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 in line with [3]. It is shown that there is a trade-off between Comb size and the number of overlapped ports within same Comb. In high SNR region, low channel estimation error is achieved by Comb-8 with 1 port per Comb even with larger value of delay spread. Based on these observation, it is preferable to allocate Comb and cyclic shift considering all Comb size and number of cyclic shifts within same Comb.
[image: ]
Figure 8. 8Tx results for delay spread = 30ns.
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[bookmark: _GoBack]Figure 9. 8Tx results for delay spread = 300 ns.


Proposal 8: For 8-port SRS resource, study on how to allocate comb and cyclic shift for each port.

For 8 TX operations of SRS, the potential impact on the current specification is SRS resource and SRS resource set configuration. When we consider 8 Tx operations of SRS, the possible configured values of usage for SRS resource set are codebook, non-codebook, and antenna switching.
For the usage of codebook, how to configure 8-port SRS resources can be discussed including full-power modes. 
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.
For the usage of antenna switching, it is natural to extend antenna switching configuration up to 8 TX. So far, the current specification only covers the configurations for antenna switching supportedSRS-TxPortSwitch of xTyR where x = {1, 2, 4} and y is up to 8. Supporting up to 8TX of UL transmission requires new SRS resource and SRS resource set configurations for 8T8R antenna switching scenario. Hence, similar with the current configuration with x = y, the corresponding configuration for 8T8R can be supported.
For the usage of both codebook and antenna switching, how to support 8-port SRS can be further discussed. So far, a single SRS resource is configured with N-port where N=1, 2, or 4, and regardless of the number of symbols configured by gNB, for each symbol, all N ports are transmitted. However, when it comes to 8-port, then transmission power may not be enough when a UE is located in the lack of coverage area (e.g., cell boundary). Therefore, it can be enhanced by using multiple symbols for transmitting 8-port with partial number of ports per each symbol, or by using multiple SRS resources with smaller number of ports (e.g., 2 or 4) for each resource.

Proposal 9: For 8TX operation of SRS for codebook, consider SRS resource configurations including full-power modes.
Proposal 10: For 8TX operation of SRS for non-codebook, consider one or two SRS resource sets and the corresponding SRS resource configuration.
Proposal 11: For 8TX operation of SRS for antenna switching, support SRS resource/set configuration for 8T8R.
Proposal 12: For 8TX operation of SRS for both codebook and antenna switching, study how to support 8-port SRS (e.g., by using single SRS resource with 8-port transmitted in each symbol, by using single SRS resource with multiple symbols with partial number of ports (e.g., 2 or 4) per each symbol, or by using multiple SRS resources with smaller number of ports (e.g., 2 or 4) for each resource.)

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

Proposal 1: Support the followings:
1) randomized frequency-domain resource mapping for SRS transmission, targeting frequency hopping patterns, e.g., unequal-size SRS BW allocations across symbols in frequency hopping SRS transmission, and
2) randomized code-domain resource mapping for SRS transmission, e.g., cyclic-shift (CS) hopping across time symbols/slots.
Proposal 2: Introduce a number of different SRS bandwidths  in an SRS frequency-hopping configuration.
Proposal 3: Consider two approaches for CS hopping using 1) a pseudo-random function and 2) a pre-defined set of CS hopping patterns or a regular hopping pattern generator.
Proposal 4:For TDD CJT, to minimize interference, Consider a CS allocation scheme where CS are allocated in a contiguous fashion over a region in CS domain for a TRP, followed by a guard band, followed by contiguous allocation in another region for the next TRP and so on. In each region. Similar to existing legacy, we can allocate CS in an equi-distant manner. For further flexibility, the maximum cyclic shift can be independent of KTC.
Proposal 5: Consider dynamic indication of power control parameters to randomize cross-SRS interference additionally.
Proposal 6: 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 7: Maintain the maximum values of transmission comb (up to 8) and cyclic shifts (up to 12) as in Rel-17 SRS.
Proposal 8: For 8-port SRS resource, study on how to allocate comb and cyclic shift for each port.
Proposal 9: For 8TX operation of SRS for codebook, consider SRS resource configurations including full-power modes.
Proposal 10: For 8TX operation of SRS for non-codebook, consider one or two SRS resource sets and the corresponding SRS resource configuration.
Proposal 11: For 8TX operation of SRS for antenna switching, support SRS resource/set configuration for 8T8R.
Proposal 12: For 8TX operation of SRS for both codebook and antenna switching, study how to support 8-port SRS (e.g., by using single SRS resource with 8-port transmitted in each symbol, by using single SRS resource with multiple symbols with partial number of ports (e.g., 2 or 4) per each symbol, or by using multiple SRS resources with smaller number of ports (e.g., 2 or 4) for each resource.)
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