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1. Introduction
In previous RAN1 meeting, the following agreements were achieved with respect to SRS design [1]:
Agreement:
· SRS ports more than 4 per SRS resource is not supported in Rel-15

Agreement:

· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 

· Design principle in LTE for SRS transmission can be a starting for the details in NR

· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching

· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations

· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group

· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource

· This feature is used at least to acquire downlink channel information
Agreement:

· 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

Agreement:

· NR supports C_SRS and B_SRS to be UE-specifically configurable
This contribution is revised from R1-1715621. In this contribution, we share our views on SRS location, SRS configuration, intra-slot frequency hopping, and multiplexing SRS with other types of RSs/channels.
2. Discussion
2.1. SRS location
It was agreed the number of SRS ports are 1, 2 and 4, both Comb2 and Comb4 are supported for SRS transmission. In order to support 4 SRS ports for Comb2 within one symbol, at least CS2 should be supported for each comb. Whether or not additionaly supporting CS4 should be futher studied in Rel-15.
In NR, SRS can be used for beam management, UL CSI acquisition and DL CSI acquisition. From a UE perspective for beam switching, simultanous transmission PUCCH or PUSCH and SRS for beam management are not expected. Additionally, different type of uplink channels/RSs are utilized different power control scheme, embedding SRS to other channel may lead to power ramping problem, and sepacial handling should be predefined in the case of transmission power exceeds maximum UE transmission power. Consequently, to prevent above mentioned problems, similar to LTE system SRS desgin, it is better to put SRS in the end of a slot and SRS resource symbols are consecutive. 
Based on above discussion, examples of 4 SRS ports pattern for Comb2 and Comb 4 are depicted in figure 1. 
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Figure 1: Example of 4 ports SRS

Proposal 1:
· For SRS design in NR, 
· At least CS2 should be supported for Comb2.
· SRS symbols are consecutive.
· Embedding SRS symbols to PUSCH/PUCCH symbols are not supported.
It was agreed an SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot. However, from a UE perspective, in order to support flexible SRS configuration, rate matching of other UE’s SRS resource allocation information may be required. Besides, for SRS for UL beam management, at least 1 blank symbol should be reserved for analog beam switching.
2.2. SRS configuration
In HF, UL beam management is of great importance when UL and DL beam correspondence is not holding. For SRS for beam managment, to reduce the overhead of signalling, hierarchical configuraton can be considered. One or more SRS groups which could be simultaneous transmitted can be configured firstly, then one or more SRS resources within each SRS group can be configured subsequently. Additionally, from the perspective of UE, to support UL beam managemnt U1/U2/U3 procedure, SRS beam repetition or switching transmission behaviour also should be configured by network to reduce higher layer signalling overhead.
It was agreed that multi-SRS resources can be transmitted simultanously. However, for SRS for CSI acquisition,  it is not clear how to implement that scheme. Similar to beam reporting principle, SRS group indication can be introduced. SRS resources within a SRS group can be transmitted simultanously, while different SRS groups may not be transmitted simultanously.
Proposal 2:
· For SRS grouping in NR,
· For SRS for beam management, beam repetition or switching transmission within one SRS group can be configured.
· For SRS for CSI acquisition, SRS resources within one SRS group can be transmitted simultaneously, while different SRS groups cannot be transmitted simultaneously.

Regarding to SRS bandwidth, it was agreed C_SRS and B_SRS can be UE-specifically configured. At least LTE C_SRS and B_SRS configuration parameters can be applied for BWP less than 20MHz. For the case of BWP larger than 20MHz, the actual number of transmission PRB subjects to RAN4 definition. Therefore, C_SRS and B_SRS configuration parameters for this case can be further discussed.
2.3. Frequency hopping
In LTE system, intra-subframe and inter-subframe hopping is supported. Frequency hopping can resist deep fading in frequency and get hopping gain. In NR, wider bandwidth CSI acquisition should be supported, while UL power is limited, frequency hopping can achive wide bandwidth CSI acquisition. Therefore, intra-slot and inter-slot hopping should be supported. Rather than inter-slot hopping, intra-slot frequency hopping can acquire wide bandwidth CSI faster. However, from the perspective of UE implementation, RF retuning may not be supported in the case of frequency hopping between different BWP within a slot.  
Proposal 3:
· Intra-slot frequency hopping within a BWP should be supported in NR.
2.4. Multiplexing of SRS and other types of RSs/channels
From a UE perspective, for multiplexing of SRS and PUSCH, at least TDM should be supported. However, multiplexing of SRS for beam management and PUSCH by FDM may not be available in anytime. In the case of multiplexing of SRS and PUSCH by FDM, if transmission power exceeded maximum UE transmission power, SRS would be dropped.
From a UE perspective, for multiplexing SRS and PUCCH, TDM has been agreed in previous RAN1 meeting. Similar to multiple SRS and PUSCH by FDM, beam switching and power control problem also should be considered for multiplexing SRS and PUCCH. In the case of collision happened between SRS and PUCCH, SRS would be dropped. Additionally, from network perspective, multiplexing SRS and PUCCH from different UE should be supported. Examples of multiplexing of SRS and short PUCCH form different UE are depicted in figure 3, 4.
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Figure 3: Multiplexing of SRS and PUCCH from different UE by FDM
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Figure 4: Multiplexing of SRS and PUCCH from different UE by IFDM
For multiplexing of SRS and PRACH, at least TDM should be supported. As both SRS and PRACH can be used for beam management, only when SRS and PRACH use the same analog beam, then SRS and PRACH can be multiplexed by FDM. In the case of multiplexing of SRS and PRACH by FDM, if transmission power exceeded maximum UE transmission power, SRS would be dropped.
Proposal 4:
· For multiplexing of SRS and other types of channels/RSs,
· At least TDM should be supported.
· Multiplexing of SRS and other types of channels/RSs by FDM can be configured,

·  If transmission powers exceeded maximum UE transmission power, SRS would be dropped.
3. Conclusion

In this contribution, SRS design related aspects are discussed with the following proposals:
Proposal 1:
· For SRS design in NR, 

· At least CS2 should be supported for Comb2.
· SRS symbols are consecutive.

· Embedding SRS symbols to PUSCH/PUCCH symbols are not supported.
Proposal 2:
· For SRS grouping in NR,

· For SRS for beam management, beam repetition or switching transmission within one SRS group can be configured.
· For SRS for CSI acquisition, SRS resources within one SRS group can be transmitted simultaneously, while different SRS groups cannot be transmitted simultaneously.

Proposal 3:
· Intra-slot frequency hopping within a BWP should be supported in NR.
Proposal 4:
· For multiplexing of SRS and other types of channels/RSs,
· At least TDM should be supported.
· Multiplexing of SRS and other types of channels/RSs by FDM can be configured,

·  If transmission powers exceeded maximum UE transmission power, SRS would be dropped.
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