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1 Introduction
 In RAN1 NR #90 meetings and NR AH#3, following agreements are made regarding SRS design and related operations.
	Agreement: Confirm the working assumption

· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation

· Note: 272 PRBs corresponds to the maximum bandwidth support by NR
· FFS: On the set of supported SRS bandwidths
Agreement: NR supports C_SRS and B_SRS to be UE-specifically configurable
For information for future discussions:

· For SRS bandwidth tables, at least the following design rules are used as a starting point:
· Single SRS bandwidth table (C_SRS is a row index into the SRS bandwidth table)
· 4 values of B_SRS (same as LTE)
· For BWP less than or equal to 96 PRBs, the table includes at least the LTE SRS bandwidths (next slide)
· For additional entries, at least the following rules are used:
· For every supported CC/[BWP] bandwidth with N PRBs, table contains at least one entry with SRS bandwidth m_SRS,0 = floor(N/4)*4 PRB
· Support additional entries with m_{SRS,0} = floor(N/4)*4 PRB for sounding flexibility
· To support intra-slot hopping within a BWP over 2 and 4 OFDM symbols:
· Table contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/16)*16 PRBs with N_1 = 2 and N_2 = 2
· Note: intra-slot hopping is subject to RAN4 feedback
Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM

· (Working assumption) 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

· Examples of prioritization rules

· Example 1

· Always prioritize PUCCH over SRS

· Example 2

· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH
Agreements:
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions

· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed.

Agreements:
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource, at least the following is supported:

· Within the resource, each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols 

· FFS for the case with frequency hopping depending on RAN4 LS reply


In RAN1 NR Ad-Hoc#2 meeting, agreements on rate matching [1] were made as follows: 

	Agreements:
· A UE is configured with resources for PDSCH rate matching

· FFS details

· A UE is configured with resources for PUSCH rate matching

· FFS details


In this contribution, we further discuss some remaining issues on SRS in NR. This contribution is revised from R1-1715867.
2 Discussion on SRS frequency hopping
For UL resource allocation of UEs having low transmitted power, hopping of SRS transmission resources can be considered to acquire UL CSI over UL bandwidth. Inter-slot hopping should be supported in NR, which has already been supported in LTE systems as well. It should be carefully investigated, however, whether intra-slot hopping is also necessary or not. Although intra-slot hopping provides additional benefits in the perspective of faster CSI acquisition, more specification efforts are required. For example, PUSCH rate matching should depend on time/frequency patterns of actually transmitted SRS within a slot, so that enhanced rate matching configurations and indication mechanisms need to be investigated in order not to lose UL throughput performance. Also, DCI design at least for aperiodic SRS triggering should support sufficiently flexible SRS triggering states indicating how many symbols and hopping patterns per SRS resource as well as how many SRS resources themselves triggered on the slot. In addition, if hopping is enabled, whether other SRS related parameters such as sequence initialization parameters, CS values, comb values, and so on, are also varying according to the hopping pattern or not need to be investigated as well.
Proposal #1: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.

3 Multiplexing SRS and PUCCH
In agreements at RAN1 #89 and AH#2, structure of short PUCCH can be formed in one or two symbols, and structures of Long PUCCH in a slot can be formed from 4 to 14 OFDM symbols. Considering UE implementation, TDM between SRS and PUCCH does not have any issues because TDM doesn’t affect to UL PAPR/CM requirement. On the other hand, it needs to be investigated whether multiplexing SRS and PUCCH by FDM can be allowed in consideration of relaxed requirement for PAPR/CM performance in NR. If it would allow FDMed manner between them, we could consider to separate SRS and at least long duration PUCCH in frequency domain by configuring different resource allocations between SRS and PUCCH. In another example, PUCCH resource can hop along with SRS hopping pattern in slot-level, such that SRS and PUCCH can be FDMed with hopping as well.
Regarding the working assumption (Option 2) on prioritizing SRS or PUCCH, details of dropping rules need to be specified, e.g., for short duration PUCCH and SRS collision and for PUCCH and aperiodic SRS collision. It can be considered to reuse LTE prioritization rules for NR as a baseline. In LTE, SR and ACK/NACK on PUCCH have the higher priority than both periodic and aperiodic SRS. In relation with aperiodic PUCCH for CSI reporting and aperiodic SRS, aperiodic PUCCH for CSI reporting has higher priority than aperiodic SRS. On the other hand, aperiodic SRS has higher priority than periodic CSI PUCCH. Periodic SRS has the lowest priority among them. Therefore, NR could take into account the same priority rules as in LTE, e.g., SR and ACK/NACK PUCCH > aperiodic PUCCH with CSI reporting> aperiodic SRS > Periodic PUCCH with CSI reporting > Periodic SRS. Considering that PUCCH for beam recovery is agreed in NR operation, the prioritization on the PUCCH for beam recovery should be defined, and it is desired to have the highest priority than other PUCCH and SRS.

Furthermore, such collision cases may happen in some partially overlapping symbol(s) between them, so that clear rules to handle various collision cases need to be determined, e.g., SRS can be dropped on the partially overlapping symbol(s) instead of PUCCH. 
Proposal #2: Prioritization rules for NR should include cases of collision on partially overlapping symbol(s) between PUCCH and SRS. 

Proposal #3: PUCCH for beam recovery should have the highest priority among PUCCH and SRS.
4 UL beam management by SRS
It is agreed that gNB can configure multiple SRS resource groups where different groups can be used for different purposes, i.e., Group A SRS resource for UL link adaptation, and Group B SRS resource for UL beam management. 
When multiple Group B SRS resources for UL beam management are configured to the UE and a single SRS port is configured within each resource, UE can apply different Tx beam for each SRS resource. For example, when UE is assumed to configure P Group B SRS resources, the UE applies P different beam directions, each applied to a different SRS resource. For this example, the UE is assumed to have different Tx beams, so that the value of P or related information may need to be initially delivered to gNB as UE capability signaling for proper configurations on Group B SRS resource(s). After measuring transmitted Group B SRS resources, gNB selects preferred beam(s) to be used for applying to Group A SRS resource(s) via configuring/indicating another type of SRI to indicate SRS Tx beam as agreed in RAN1#89. It would be desirable that the SRI for SRS-resource-level Tx beam indication can be signaled by MAC-CE since it has less restriction of payload size than DCI. It also avoids any possible error propagation by receiving ACK from UE, and UL beam information would be updated with relatively long periodicity. 

In addition to the above discussion, it was agreed in RAN1 #89 that SRS Tx beam is indicated by SRI or CSI-RS resource based indication (e.g. CRI) when DL/UL beam correspondence holds. For the latter case, UE can determine SRS Tx beam from DL Rx beam corresponding to CRI in a reciprocal manners. In a similar way to the SRI for SRS Tx beam, MAC-CE would be desirable to signal the CRI for UE Tx beam. Also, CRI or SRI indication for SRS Tx beam would be confined within group B CSI-RS resources or group B SRS resources to reduce signaling overhead. 
Proposal #4: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
In RAN1 #89, it is agreed that UE can be configured to transmit multiple SRS resources for UL beam management by single aperiodic SRS triggering field. How to control UL beam sweeping behavior is an open issue which can be done via explicit or implicit indications. First, explicit indication can be done for whether UE should keep the same Tx beam or to use different Tx beams for different SRS transmission instances. On the other hand, implicit indication can be done by defining default UE behavior such that UE should maintain the same Tx beam within a SRS resource and change the beam across different SRS resources. For U-2 procedure, UE can be configured to transmit single SRS resource spanning multiple OFDM symbols where UE keeps the same Tx beam during the SRS transmission. For U-3 procedure, multiple one symbol SRS resources can be configured to UE to transmit different Tx beams in different symbol. For U-1, multiple N-symbol SRS resources can be configured where N is larger than one.
Proposal #5: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options

· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.

5 PUSCH rate matching for SRS
In NR AH#2 meeting, resource for PUSCH rate matching is agreed to be supported. At least symbol-level configuration of UL rate match resource (RMR) should be supported for SRS protection as in LTE. If inter-slot hopping of SRS is supported in NR, the configuration of RMR for this case should include corresponding frequency resource configuration considering SRS hopping bands, and the configured RMR for PUSCH needs to be hopped across slots as well in order not to lose UL throughput performance. 
Proposal #6: Rate match resource for PUSCH should be able to be configured with frequency resource configuration considering SRS hopping bands.
6 Conclusion

Based the discussions above, we have the following proposals:
Proposal #1: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.
Proposal #2: Prioritization rules for NR should include cases of collision on partially overlapping symbol(s) between PUCCH and SRS. 
Proposal #3: PUCCH for beam recovery should have the highest priority among PUCCH and SRS.
Proposal #4: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
Proposal #5: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options

· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.
Proposal #6: Rate match resource for PUSCH should be able to be configured with frequency resource configuration considering SRS hopping bands.
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