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1 Introduction
In RAN1 #88bis [1] and #89[2] meetings, the following agreements were made with respect to the SRS support for NR:
	· Agreements: 

Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where
· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation
· FFS: Minimum overlap granularity to ensure zero cross-correlation
· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources

Agreements:
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]ZC based sequences shall be used for NR SRS sequence design







In this contribution we discuss NR SRS sequence design principles that simultaneously attempts to achieve low-PAPR, while supporting multiplexing of SRS transmission with different and overlapping SRS bandwidths in the same symbol. 
2. SRS Sequence design
The Sounding Reference Signal (SRS) is an uplink reference signal that is primarily used to estimate the uplink channel quality for UL frequency-selective scheduling. It can also be used for other purposes such as to obtain downlink CSI in the case of TDD system with reciprocity. 
2.1 LTE SRS sequence
In LTE SRS sequences are designed using ZC sequences. These sequences satisfy the desirable properties of uplink reference signals such as, constant modulus, low PAPR/CM, good auto-correlation and cross-correlation properties, etc. The ZC sequences used for SRS are grouped into 30 groups. Each group has one or two base ZC sequences (depending on the length of the sequence) for each possible sounding bandwidth size. The grouping is done such that the cross-correlation of a base sequence and its time-domain cyclic shifts from one group with a base sequence (of any length) from the other group is low. Each cell/TRP is then assigned a group. The low circular cross-correlations between bases sequences across groups maintains low inter-cell interference for simultaneous SRS transmissions. The intra-cell orthogonality is achieved via FDM, different comb offsets or cyclic time shifts of the same base sequence. 
2.2 NR SRS sequence
In NR the SRS sequence design has all the issues mentioned in the LTE design, and additionally new challenges. For instance, the system bandwidth is much larger in NR as compared to that of LTE, and also the path loss at the high frequency bands in NR is significantly higher compared to the LTE bands. Moreover, it is envisioned that the required SRS capacity for NR can be higher compared to LTE and accordingly in the RAN WG1 meeting #88bis [1], it was agreed that the SRS sequence design will allow for multiple users to transmit SRS that have full and/or partial overlap of SRS time-frequency resources (REs). Additionally, it is desirable for all the NR RS designs to be flexible enough to accommodate new additions or updates to the system BW in future NR releases.
There are quite few SRS sequence design philosophies that are considered for NR-SRS design. We discuss two of them in this contribution.
2.2.1 Resource specific sequence design
One or more mother sequences are designed for the largest system BW under consideration. There is one-to-one mapping between the symbols of the mother sequence and the sub-carriers/PRB. Each UE, then uses a truncated portion, corresponding to the configured sounding BW, of one of the mother sequences, with a possible cyclic time shift. Since the association of the mother sequences and the PRB indices is established, any two users that sound on overlapping BW use identical base sequences, with possible different cyclic time shifts, at least for the overlapping portion of the sounding BW. The orthogonality then can be maintained using distinct cyclic time shifts for different ports (same as in LTE). Although, this design solves the issue of flexible (complete/partial overlap) sounding BW allocations to the users and thus increases the SRS capacity of each cell, it does have some limitations as mentioned follows. The mother sequence needs to be design for the largest system BW. This has following issues
1. The largest system BW may change in future NR releases thus creating compatibility issues.
2. Largest system BW for NR could be quite large, resulting in quite long base mother sequences. The ZC sequences (if used) are known to have phase stability (or robustness) issues are higher lengths.
3. The PAPR/CM is very critical for the power limited UE’s. Most power limited UE’s will be performing NB sounding due to coverage reasons. Consequently, using a highly truncated short sequence from a very large mother sequence will have severe impact on the PAPR performance of the transmission for the power-limited users for whom the low PAPR/CM is most critical.

Proposal 1: NR-SRS sequence design is not resource specific.

2.2.2 Non-resource specific block concatenated ZC sequence based SRS
An example of a non-resource specific SRS sequence design is the one used in LTE. The SRS used in LTE is not a function of the PRB index but rather depends on the length (and some more parameters such as cell id, etc.) of the sounding allocation. Although SRS used in LTE has quite many good properties, one disadvantage is that the allocated sounding BW of multiple users can have either no overlap or complete overlap. Thus, limiting the flexibility of the sounding BW allocation and the SRS capacity. 
One possible solution to resolve this issue of orthogonal SRS transmission with partially overlapping SRS resource assignments is to make sure that the base sequence used by multiple users in the overlapping time-frequency SRS resource is identical. Then, a piecewise orthogonality can be achieved using distinct cyclic time shifts of the common base sequence. For instance, in Figure-1 we show an example of two users UE-1 and UE-3 that have unequal and overlapping SRS resource. UE-3 uses a block concatenated sequence such that in the overlap zone (green color) the sequence used by UE-1 and UE-3 are identical up to cyclic time-shift. Such a design could be either achieve using a resource specific truncated sequence from a mother sequence (as explained in Section 2.2.1 of this contribution paper) or by constructing SRS via block concatenation, wherein the overlapping portion of multiple UE’s sounding BW use the same block sequence, with different time-domain cyclic shifts. Each individual blocks could be constructed using ZC sequences. 
[image: ]
Figure 2: Example of two users with unequal and overlapping SRS resource. UE-3 uses a block concatenated sequence such that in the overlap zone (green color) the sequence used by UE-1 and UE-3 are identical up to cyclic time-shift.
There are quite many advantages, as listed below, of using a block concatenated ZC sequence based SRS design. 
1. One can use the LTE base sequences and grouping as a baseline.
2. LTE SRS design is a special case of the configuration and the network can operate in LTE SRS mode if needed, e.g., when there is no need for increased SRS capacity especially in low load scenarios. Thus, preserving all the well-understood and mature low PAPR/CM SRS design from LTE.
3. Usage of concatenation is network/gNB’s discretion, wherein gNB can make an informed decision about configuring a particular UE with concatenated sequence on need basis. 
4. Concatenation can be limited to UE’s that perform wide band sounding. Moreover, gNB can configure few precomputed (known CM/PAPR) limited options, mostly in terms of larger blocks, for such UEs. This allows for PAPR/CM reduction techniques to be used optimally. 
5. Various PAPR/CM reduction techniques among the concatenated blocks can be exploited, such as different base sequences in different blocks, same base sequence in all blocks but with block specific distinct cyclic time shifts, etc. These techniques can be precomputed and optimized and only those configurations that permit reasonable PAPR/CM can be included.
6. Is compatible with system BW changes in the future NR releases.

Proposal 2: NR-SRS design supports LTE like ZC based SRS operation as a special case.
Proposal 3: NR-SRS sequence design is based on block concatenated ZC sequences. The details of concatenation are FFS. 
Proposal 4: UE specific concatenation parameters are configured by the gNB via RRC. Other signalling options are not precluded. 
Proposal 5: NR-SRS uses grouping and bases sequence from LTE as a baseline. Adding more roots to each group or adding additional groups is not precluded. 
2. Multiplexing of SRS with other channels
[bookmark: _GoBack]There has been some discussions of multiplexing the SRS with other channels such as PUSCH for efficient use of resources, especially since in NR multiple symbols in a slot could be configured for SRS. We do not feel need for such multiplexing for the following reasons. First, similar to LTE gNB can control the SRS overhead using cell specific configuration controlling the SRS time density across different slots. Additionally, if some cell-specific configured SRS resources, in a slot, are not assigned to any UE, then it may be possible to schedule UL data on these resources since NR data scheduling is quite flexible. Hence, it seems that there is no need to further optimize the resource usage at the cost of the worsening PAPR, interference and scheduling complexity.
Proposal 6: NR does not support multiplexing of the SRS with other channels.
4. Conclusion
To summarize, in this contribution we provided our views about the issues involved in designing the SRS for NR MIMO. We made the following observations and proposals:
Proposal 1: NR-SRS sequence design is not resource specific.
Proposal 2: NR-SRS design supports LTE like ZC based SRS operation as a special case.
Proposal 3: NR-SRS sequence design is based on block concatenated ZC sequences. The details of concatenation are FFS. 
Proposal 4: UE specific concatenation parameters are configured by the gNB via RRC. Other signalling options are not precluded. 
Proposal 5: NR-SRS uses grouping and bases sequence from LTE as a baseline. Adding more roots to each group or adding additional groups is not precluded.
Proposal 6: NR does not support multiplexing of the SRS with other channels.
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