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1. [bookmark: _Toc474161164]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]At RAN1 #90, the following agreements/working assumption were reached:

Working assumption:
· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR
· FFS On the set of supported SRS bandwidths

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:
· 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

R1-1714957	WF on SRS configuration details Huawei, HiSilicon, Ericsson, CATT
Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP


In this contribution, we provide our views on SRS design in NR.

2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion
At RAN1 #90, waveform design for SRS was discussed. And three options were considered:
· 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 


One use case of SRS resource sharing among UEs with different SRS bandwidths is that some UEs’ link budget does not support using full SRS bandwidth. With different target received signal strength, leakage among different SRS from cell center UEs and cell edge UEs should be studied irrespective of whether Alt. 1 or Alt. 2 is used. FDM or TDM can be a more reliable means to share resources among UEs.

For both Alt. 1 and Alt. 2, the resulted SRS waveform has a worse PAPR/cubic metric than the LTE SRS. In  Alt. 1, the UE with a smaller SRS bandwidth suffer from degradation in the cubic metric. In Alt. 2, the UE with a smaller SRS bandwidth does not suffer from degradation in the cubic metric, and the UE with a large SRS bandwidth does. It has been argued that for high capacity case such PAPR/cubic metric relaxation is justified. It seems logical to deduce the SRS transmission power is not an issue in the considered case and consequently using different SRS BWs is not well-motivated. FDM including using SRS combs and using different subbands, and TDM can be used to share resources among UEs with different SRS bandwidths, cyclic shift is certainly not the only means to do that. 


We have 

Proposal 1: Opt-3 (Same LTE SRS sequence generation mechanism with additional roots) is adopted if found beneficial, and Option 1 and Option 2 are not considered further in Rel-15.


Use cases for SRS 

RPD calibration

To mitigate the RPD issue, transmit SRS at the desired power level for PUSCH should be supported. One illustration is 

We propose to support a single trigger for aperiodic SRS power ramping to allow the gNB to identify/mitigate RPD issues. More details can be found in [1].
[image: ]
Figure 1 SRS transmissions from a UE with a single trigger fro the gNB

Dynamic TDD

For dynamic TDD, SRS-RSSI and SRS-RSRP can be used for CLI measurement. It is beneficial the SRS transmission from an aggressor UE reflects faithfully the interference it generates when conducting PUSCH transmission. Hence depending whether the UE performs codebook based transmission, or non-codebook based transmission, or diversity transmission, the SRS transmission behavior won’t be the same. There are several ways to make a determination on how SRS for CLI should be transmitted by the aggressor UE: 
1) Autonomous determination
[bookmark: _GoBack]the number of transmission port and any transmission precoder are autonomously determined by the UE, The SRS transmission power is also aligned with PUSCH, e.g. the most recent PUSCH, or the most frequently used one. In any case, a rule needs to be specified so the gNB has the knowledge about the SRS transmission parameters not explicitly indicated from the aggressor UE.
2) gNB signaling
With codebook based transmission, the gNB signals SRI+TMPI+RI to the UE for SRS transmission; with non-codebook based transmission,  gNB signals the SRI(s)  for non-codebook based. The signaling can be provided semi-statically or dynamically for the aggressor UE. The SRS transmission power is also aligned with PUSCH. For dynamic TDD, to reduce UE reception complexity in SRS-RSRP measurements, it is necessary to constrain the number of aggressor UEs’ SRS root indices in an adjacent cell to a small number (say 1), that can be rather different from that in a SRS configuration suitable for other purposes (e.g. DL/UL CSI acquisition, beam management etc), SRS configuration for dynamic TDD is separately configured from other purposes. 

With the gNB signaling based approach, as much of the SRS transmission parameters can be aligned with PUSCH’s, it is feasible to include a SRS for CLI trigger in a UL DCI. And the triggered SRS transmission assumes all the transmission parameters in terms of SRI(s), TMPI etc for the co-triggered PUSCH. However, there may be room for further discussion whether a separate DCI can be considered: the main consideration is that SRS for CLI can be used to reflect long term/averaged CLI, which may not be exactly aligned with the current need for PUSCH and it may be beneficial to decouple PUSCH transmission and SRS for CLI design. A separate DCI for SRS for CLI may also have the benefits that it allows a clean definition of NR features. 

Also it is beneficial to define the time-domain behavior for UEs from different cells. UEs from the same cell can be configured to receive/transmit SRS at the same time. To facilitate efficient SRS transmission and reception at cell boundary, e.g. among 3 cells, some coordination pattern such as a mutually hearable pattern [2] needs to be defined, and non-contiguous SRS transmission/reception becomes necessary.

[image: ]
Figure 2 Mutually hearable patterns

Considering the needs from RPD calibration and dynamic TDD, we propose that a separate DCI is used to trigger aperiodic transmissions of SRS. The SRS transmission parameters including precoding information, parameters to determine the transmission power (it can stay the same for all transmissions or a power ramp is used), transmission timing (evenly spaced vs non-evenly spaced), can be determined from semi-statically signaling and/or dynamic signaling.

We have
Proposal 2: a DCI to trigger aperiodic SRS transmissions with different power levels and non-evenly spaced transmission timings is supported in NR. 


3. Conclusion
In this contribution, we discuss SRS design issues and we have:
Proposal 1: Opt-3 (Same LTE SRS sequence generation mechanism with additional roots) is adopted if found beneficial, and Option 1 and Option 2 are not considered further in Rel-15.

Proposal 2: a DCI to trigger aperiodic SRS transmissions with different power levels and non-evenly spaced transmission timings is supported in NR. 
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