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Introduction
In RAN1 AH2 [1], the following agreements were made regarding SRS design:
Agreements:
· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported
Agreements:
· Support antenna switching for SRS transmission within a carrier:
· FFS: Support at least [2Tx, 4Tx] switching
Agreements:
· From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1 : symbol level TDM
· Option 1-2 : FDM
· Option 1-3 : both symbol level TDM and FDM
· FFS : details
· Note : other options are not precluded
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization 
Agreements:
· NR supports at least the following SRS sequences 
· LTE SRS sequences
· Study further whether or not to additionally support the following for NR SRS sequence design:
· Opt-1: Truncated ZC design
· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation 
· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE 
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12] 
· Opt-2: block-wise concatenation based ZC sequence generation.
· The number of blocks (e.g. 1, 2, …) and/or  block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE 
· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence
· Alt2. Implicit signaling  e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1. 
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 
· To conclude during the next meeting
· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations
· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones
Agreements:
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
In this contribution, we discuss several aspects related to NR SRS design.
Grouping of SRS resources
It was agreed that for UL/DL CSI acquisition and beam management, a UE may be configured with K>=1 SRS resources, and the gNB may configure multiple groups, each group for different purposes. As it has been discussed already, there are three main purposes of an SRS resource: UL CSI acquisition, DL CSI acquisition, and UL Beam management. A UE may need in some scenarios to be aware of the purpose and type for each SRS resource, i.e. the group of the SRS resource if any, so that it may adjust a limited set of uplink transmission parameters, e.g., the SRS precoder that a UE may use for UL CSI acquisition may be signalled to the UE, but the SRS precoder used for DL CSI acquisition may be chosen transparently and based on UE implementation. As an example for the latter, the UE may pre-code the UL SRS based on the DL noise covariance matrix (DL Rnn) in order to convey the pre-whitened channel to the base station; in this case, the channel estimated using the SRS may only be applicable for DL scheduling, and not for UL scheduling. For this reason we propose NR to support signaling to a UE the group that an SRS resource belongs to.
Proposal 1: NR supports signalling to the UE the group/purpose for each configured SRS resource.
Introducing different groups of SRS resources allows for joint configuration of some of the parameters of the SRS resources belonging on each group. For example, SRS resources for DL CSI acquisition may be required to be transmitted with a different open loop power control offsets, compared to the SRS resources for UL CSI acquisition which need to follow the PUSCH power control. 

To describe a specific example, consider the case that a UE with 2 TX/RX antennas, has been configured to transmit:
1) Data with one port on the uplink using DFT-S-OFDM waveform, along with a periodically transmitted SRS resource for UL CSI acquisition
2) One SRS resource for DL CSI acquisition with two ports which is aperiodically configured and transmitted. For the latter, the UE is picks a transparent UL precoder to aid the gNB to the DL scheduling decisions. 
The transmit power of the UL CSI acquisition should follow the DFT-S-OFDM power control, whereas the 2-port SRS resource for DL CSI acquisition might need to follow the CP-OFDM power control due to the fact that transmitting 2-port SRS with a transparent precoder does not necessarily result in a low PAPR waveform. On the other hand, if the UE has been configured with two 1-port SRS resources which are TDMed, if a wideband transparent precoder is used, the waveform could still have low PAPR, in which case the transmit power of the 1-port SRS resource for DL CSI acquisition may again follow the DFT-S-OFDM power control with a different or same transmit power set point compared to the SRS resource for UL CSI acquisition. 
The above considerations demonstrate the need of configuring a common transmit power set point for all SRS resources belonging to the same group, but different across groups.
Proposal 2: NR supports configuring SRS-group-specific UL power control parameters. 
Sounding bandwidth
Similarly to LTE, it has been agreed that the SRS sounding bandwidth for NR is multiple of 4 PRBs with the smallest SRS bandwidth to be 4 PRBs. In this section, using LTE as the starting point, we provide our proposal on the SRS bandwidths that NR should support.
In LTE, the cell-specific SRS bandwidth configuration ( was used to configure different tree-like structures for different uplink BW configurations. Then, the UE-specific parameter  was used to signal to the UE the SRS BW transmission inside the chosen cell-specific tree-like structure. The SRS BWs that LTE supports based on Section 5.5.3 in 36.211 for different UL system BW  are summarized in the following table. 
	UL system BW  in PRBs
	Transmission Bandwidth ( in PRBs in LTE

	:
	4,8,12,16,20,24,32,36

	:
	4,8,12,16,20,24,32,36,40,48

	:
	4,8,12,16,20,24,32,36,40,48,60,64,72

	:
	4,8,12,16,20,24,32,40,48,60,64,72,80,96



NR SRS should be at least as flexible as LTE SRS when it comes to SRS BW, unless there are clear complexity reasons of not doing so. Also, NR SRS should be compatible with the UL bandwidth part (BWP) notion, and allow for wideband SRS sounding which is much larger than 100 PRBs. 

Based on the above general principles we propose the following:
· NR supports tree-like structure for SRS BW configuration which depends on the BWP size in PRBs and not on the UL system BW. 
· The cell-specific SRS bandwidth configuration should be also BWP-specific.
· The gNB will be able to configure a different  for a different BWP.
· The SRS transmission BWs that are larger than 96 PRBs should be chosen to be multiples of 2k of some of the LTE SRS BWs. 
· Then, the same tree-like structures as in LTE are used for narrowband transmissions for back-ward compatibility reasons and simplification of the UE-complexity design while enabling SRS frequency hopping using two or four subband transmissions. 
· An additional tree-like structure may be needed to be supported for achieving wideband sounding for Rel-15. 
· Based on the table in R4-1706029, we observe that RAN4 considers the values of 264, 270, 273 and 275 are considered as maximum number of PRBs for different SCS. That is, depending on the agreements on maximum number of PRBs for UL BWP size, if for example, it is needed to support an SRS BW of 272 PRBs (multiple of 4 PRBs) in order to enable wideband SRS transmission, an additional tree-like structure is needed to be supported in NR designed for that purpose.

Proposal 3: NR SRS supports the following with respect to SRS BW configurations:
· NR supports tree-like structure for SRS BW configuration which depends on the UL BWP size in PRBs and not on the UL system BW. 
· The cell-specific SRS bandwidth configuration  should be also BWP-specific.
· The supported SRS transmission BWs larger than 96 PRBs are chosen to be multiples of 2k , k integer, of some of the SRS BWs supported in LTE
· Depending on the agreement on the maximum BWP size, NR supports an additional tree-like structure(s) for achieving wideband sounding. 

Simultaneous multiple partial-bands transmission that are not contiguous in frequency, i.e., a multi-cluster SRS transmission regime, needs to be thoroughly studied before supporting it in NR. We need to consider several aspects related to such a SRS transmission and understand its implications depending on other agreements on SRS transmissions, e.g., the size of each partial-band, the location of multiple partial-bands in frequency domain.  
Proposal 4: Simultaneous multiple partial-bands SRS transmission that are not contiguous in frequency is not supported in Rel-15. 
SRS Sequence generation
Regarding the SRS sequence generation, there are some proposals of removing the dependency of the SRS sequence generation from the scheduling bandwidth, however, not supporting such a well-understood design is not motivated at this stage. For example, using short block-based ZC sequences might have worse PAPR than the sequences used in LTE, or they might lead to higher cross-correlation and inter-cell interference. In order to make progress in this topic, we propose to support an SRS sequence generation that is similar to LTE, i.e., it depends on the sounding bandwidth and not on the PRB position. 
In previous meeting it was agreed that at least LTE sequences are supported in NR and there was a discussion to study further what sequences to support additional from the following options:
· Opt-1: Truncated ZC design
· Opt-2: block-wise concatenation based ZC sequence generation.
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 

Proposal 5:  NR supports same LTE SRS sequence generation mechanism for the SRS BW options larger than the LTE SRS BWs (i.e., more than 96 PRBs). 
SRS resource pattern
Based on the discussion, a UE can be configured with at least one sounding resource for SRS transmission on a set of ports.  The sounding resource shall span a number of consecutive PRBs in frequency, so that there are sufficient number of observations to achieve certain processing gain. On the number of SRS antenna ports per SRS resource, we do not see in the current stage the need of supporting an SRS resource with 3 or 8 antennas, in addition to 1, 2 and 4. 
Proposal 6: NR supports an SRS resource only with 1, 2 or 4 antenna ports.

Proposal 7: NR does not support an SRS resource that spans non-adjacent symbols. NR does not support an SRS resource that spans more than 4 adjacent OFDM symbols.

Proposal 8: NR supports only comb-2 and comb-4 with up to 4 cyclic shifts in both cases. A UE may be configured with SRS ports inside an SRS resource which are multiplexed either through FDM or through cyclic shift on the same comb.

Proposal 9: NR does not support simultaneous multi-numerology SRS transmission from the same UE on the same component carrier. 
SRS channelization
SRS on UL short burst
A sounding resource shall comprise at least one symbol in a slot.  In order to enable low latency services, the SRS symbol in the common uplink burst in a TDD system shall be before the symbol that carries ACK/NAK to give maximum time for the UE to report ACK/NAK. 
In a slot with only one symbol uplink duration, the limited uplink resources will have to be used for both uplink control and SRS.  An efficient channelization and multiplexing would be needed.  For example, the short uplink duration can be split into two half symbols by transmitting with double the SCS.  The first half symbol can be reserved for SRS transmission, while the second half symbol can be used for common uplink control channel, e.g., to send HARQ acknowledgements, uplink scheduling request, etc.
Proposal 10: NR supports SRS transmission in the short uplink burst which is transmitted earlier than uplink ACK 
· This is beneficial for UE processing timeline 

In a slot with a long uplink duration, there are more uplink resources.  Similar to the uplink duration in a downlink-centric slot, the last uplink symbol in an uplink-centric slot can be reserved for both SRS and common up link control channel. 

SRS on UL long burst
The other uplink symbols can be used for PUSCH/PUCCH transmission and for SRS as well.  Multiple symbols could carry SRS to improve channel estimation for the cell edge user, allow for a quick warm-up of the channel estimation filters at the base stations, or to allow orthogonal multiplexing of larger number of SRS ports. In this case, an SRS resource is configured at least with, a hopping pattern, a number of OFDM symbols, and a common sounding bandwidth for each OFDM symbol. 

Proposal 11: For an X-port SRS resource spanning N adjacent symbols (N=1,2,4) and sounding BW of B PRBs, NR supports configuring a UE to sound in each symbol B/N adjacent and non-overlapping PRBs 
· From UE perspective, no FDMing of SRS with other UL channel’s transmission is supported.
· Study further for which sounding BWs values this should be supported.
· Study further specific fixed pattern or randomized hopping between the N subbands of SRS transmission.

[image: ]

In LTE the SRS was only possible to be transmitted in the end of an uplink burst. In NR more flexible configurations should be possible. If SRS is possible to be transmitted on the UL burst, then  PUSCH rate matching patterns will be needed to be specified for each UE to ensure appropriate transmissions and coordinate amongst UEs in the uplink. However, special RF-related considerations might be needed if subband PUSCH rate matching patterns are agreed to be supported in NR. Such subband PUSCH rate matching patterns would mean that the transmitted power in consecutive symbols is not constant which has RAN4 implications. Also, if that is happening, then the UE may not be able to guarantee phase continuity across the symbols inside a slot. For this reason, we propose that SRS is only TDMed with other UL channels. This means no FDMing of SRS with short PUCCH, UL DMRS, long PUCCH, UL PDSCH, PTRS.

Proposal 12: From UE perspective SRS is only TDMed with other UL channels. That is, from UE perspective, NR does not support FDMing of SRS with short PUCCH, UL DMRS, long PUCCH, UL PDSCH, PTRS. 

No interruption of the PUSCH uplink scheduling unit due to SRS transmission should occur in NR, otherwise the phase continuity may not be able to be guaranteed. For this reason, we propose that SRS should be allowed to be transmitted in two locations with respect to the uplink PUSCH scheduling:
1) SRS is transmitted before the UL DMRS and the corresponding UL PUSCH transmission
2) SRS is transmitted after the end of an UL PUSCH transmission
In both scenarios, no phase continuity problem may occur, while larger flexibility compared to LTE is ensured. Based on the above, and assuming an example of two one-symbol SRS resources, in the next figure we demonstrate such options inside the UL long burst.
[image: ]
Figure 1 SRS may be transmitted before the UL DMRS and the corresponding UL data, and/or after the end of the UL long burst.
Proposal: In the UL long burst, NR supports transmitting SRS in the following locations:
· before the transmission of  the front-load UL DMRS of the PUSCH,
· At the end of the UL long burst.

Note again that an SRS resource belonging to a different group may need to be transmitted only on a specific location. For example, an SRS resource for UL beam management, should be transmitted in the end of the burst, and not at the beginning. 
Proposal : An SRS resource for beam management may only be transmitted at the end of the UL long burst.  
In the case of self-contained grant, configuring a periodic SRS transmission on the symbol before UL DMRS would give to the UE additional processing time and would avoid losing resources by just increasing the guard period. 
[image: ]
Figure 2 Transmitting periodic SRS early in a self-contained grant UL-centric slot would enable efficient usage of the UL resources
SRS numerology 
SRS resources with scaled numerology could be used in mmWave where multiple SRS symbols might be needed for multiplexing UEs, in which case using a SRS with scaled numerology could be a useful tool. Note that when configuring a UE with multiple SRS resources with different numerologies, some limitations need to be enforced to minimize complexity. For example, simultaneous multi-numerology SRS transmission from one UE should not be supported, unless clear benefits of its usage can be found in some important use case. 
Proposal 13: NR does not support simultaneous (i.e., same OFDM symbol) multi-numerology SRS transmission from the same UE at least for all carriers in the same band.
Sounding management
SRS and dynamic port selection
Since LTE Rel-10, a UE may be configured to transmit SRS on multiple antenna ports of a serving cell.  The number of antenna ports may be configured by higher layer signalling.  A UE configured for SRS transmission on multiple antenna ports shall transmit SRS for all the configured antenna ports within one SC-FDMA symbol of the same subframe.  A real-world multi-antenna UE, however, may have dissimilar radiation patterns at different antenna ports due to mutual coupling.  Sounding imbalanced antennas may lead to inefficient power utilization.  As the MIMO channel between the imbalanced UE antennas and the eNB antennas could be rank-deficient, sounding all UE antennas can be a waste of power.  Especially for the cell-edge UEs, the limited transmit power should be allocated to some “good” antennas, instead of splitting the power on all UE antenna ports.  
Allowing for non-transparent SRS port/antenna/resource selection by the UE means that the UE will transmit in the uplink an indication that it transmitted with fewer ports/antennas/resources than what it has been configured. At least for downlink-oriented SRS resources, we consider such indication wasteful of the limited uplink resources on the uplink. Also, the eNB will measure the channels and find out that the channels resulting from the SRS resources that were not used are of very low quality, in which case it could schedule the UE with fewer ports in the next slot. 
Observation 1: In scenarios with reciprocity, the UE is aware of the noise covariance on the downlink; transparent and dynamic port/antenna/resource selection by the UE may convey essential information to the gNB for downlink link adaptation purposes.
Proposal 14: At least for SRS resources for DL CSI acquisition, transparent dynamic SRS port/antenna/resource UE selection is supported.
Conclusions 
We propose:

Proposal 1: NR supports signalling to the UE the group/purpose for each configured SRS resource.
Proposal 2: NR supports configuring SRS-group-specific UL power control parameters. 
Proposal 3: NR SRS supports the following with respect to SRS BW configurations:
· NR supports tree-like structure for SRS BW configuration which depends on the UL BWP size in PRBs and not on the UL system BW. 
· The cell-specific SRS bandwidth configuration  should be also BWP-specific.
· The supported SRS transmission BWs larger than 96 PRBs are chosen to be multiples of 2k , k integer, of some of the SRS BWs supported in LTE
· Depending on the agreement on the maximum UL BWP size, NR supports an additional tree-like structure(s) for achieving wideband sounding. 

Proposal 4: Simultaneous multiple partial-bands SRS transmission that are not contiguous in frequency is not supported in Rel-15. 
Proposal 5:  NR supports same LTE SRS sequence generation mechanism for the SRS BW options larger than the LTE SRS BWs (i.e., more than 96 PRBs). 
Proposal 6: NR supports an SRS resource only with 1, 2 or 4 antenna ports.

Proposal 7: NR does not support an SRS resource that spans non-adjacent symbols. NR does not support an SRS resource that spans more than 4 adjacent OFDM symbols.

Proposal 8: NR supports only comb-2 and comb-4 with up to 4 cyclic shifts in both cases. A UE may be configured with SRS ports inside an SRS resource which are multiplexed either through FDM or through cyclic shift on the same comb.

Proposal 9: NR does not support simultaneous multi-numerology SRS transmission from the same UE on the same component carrier. 
Proposal 10: NR supports SRS transmission in the short uplink burst which is transmitted earlier than uplink ACK 
· This is beneficial for UE processing timeline 

Proposal 11: For an X-port SRS resource spanning N adjacent symbols (N=1,2,4) and sounding BW of B PRBs, NR supports configuring a UE to sound in each symbol B/N adjacent and non-overlapping PRBs 
· From UE perspective, no FDMing of SRS with other UL channel’s transmission is supported.
· Study further for which sounding BWs values this should be supported.
· Study further specific fixed pattern or randomized hopping between the N subbands of SRS transmission.

Proposal 12: From UE perspective SRS is only TDMed with other UL channels. That is, from UE perspective, NR does not support FDMing of SRS with short PUCCH, UL DMRS, long PUCCH, UL PDSCH, PTRS. 

Proposal 13: NR does not support simultaneous (i.e., same OFDM symbol) multi-numerology SRS transmission from the same UE at least for all carriers in the same band.

Proposal 14: At least for SRS resources for DL CSI acquisition, transparent dynamic SRS port/antenna/resource UE selection is supported.
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