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1 Introduction
In RAN WG1 meeting #88bis [1] 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




In this contribution we discuss an 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. Discussion
In order to support frequency-selective scheduling, the SRS of different UEs transmitted in the same symbol may need to occupy different bandwidths, with potential overlap, while maintaining zero to low interference between the transmissions. 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). Next, we discuss techniques used in LTE to achieve orthogonal multiplexing (or zero cross correlation) of SRS transmissions, on overlapping time-frequency resource, from different users within a cell. 
2.1 Intra-cell orthogonality of multiple SRS transmissions in LTE
In LTE for narrow band sounding with shorter sequence lengths (<= 24) computer generated sequences are used, while for sounding bandwidths with sequence lengths (> = 36) Zadoff-Chu (ZC) sequences are used. The RS sequences are grouped in such a way that the sequences in a group are highly correlated, i.e., have high cross-correlation. Hence in LTE, if multiple users within a cell are assigned identical SRS resource, i.e., full-overlap of the time-frequency SRS resource, then the orthogonal separation of the SRS transmissions of these users can be achieved using different cyclic time shifts of the same RS sequence. Although this works well with complete overlap assignments, it doesn’t work well for users that have SRS resource with partial overlap. For instance, Figure-1a, shows an example of overlap, where UE-1 and UE-3 (similarly UE-2 and UE-4) have same sounding bandwidth and comb offset and use the same base ZC sequence with different cyclic time-shifts, and hence have zero cross-correlation between the SRS transmissions from these users. On the other hand the sounding bandwidth allocation in Figure-1b is an example that will result in significant interference or high cross-correlation values between the SRS transmissions of UE-1 and UE-3.
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Figure-1
Although having multiple IFDMA combs does provide some flexibility in sounding bandwidth allocations, it is still restrictive, especially for NR where the system BW can be much larger than in LTE. 
2.2. Block concatenated ZC sequence design
One possible solution to resolve the issue of orthogonal SRS transmission with partial 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-2 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. 

Proposal 1: Use block concatenated ZC sequences to design SRS sequences.
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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.
[bookmark: _GoBack]Another aspect discussed in #88bis was whether or not the SRS sequence is resource specific. In a block concatenated SRS sequence design a resource specific design corresponds to a design with fixed building block size that corresponds to the smallest sounding allocation bandwidth. This number can be relatively small and would result in high PAPR even for UE-s with no overlap or with wide band sounding due to too many blocks being concatenated. 
Proposal 2: SRS sequence design is non resource specific.
Proposal 3: Minimum size of the overlap of the sounding bandwidth of different users can be different than the minimum SRS sounding allocation. Details FFS.
2.3 PAPR reduction techniques for block concatenated SRS sequence design
If the base sequence is same in all RBGs, the PAPR/CM of the resulting SRS could be high. The following solutions can be used to reduce the PAPR/CM.  
· Option 1: Time domain cyclic shift in different blocks
· Option 2: Concatenation of ZC sequences with different roots in different blocks
· Option 3: Different Phase rotation in different blocks

Option 1 is most generic and promising in reducing the PAPR of the block concatenated SRS sequences. Option 2’s main limitation is the availability of the number of distinct ZC sequences in a cell can be limited.
Proposal 4: PAPR reduction techniques applied for block concatenated SRS sequence consider at least of the following methods 
• Time domain cyclic shifts across different blocks
• Phase rotation
• Different root/length sequence combinations.

Proposal 5: Consider block concatenated SRS sequence design using LTE sequence grouping as a baseline for comparing PAPR and cross correlations across different design proposals.
3. 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: Use block concatenated ZC sequences to design SRS sequences.
Proposal 2: SRS sequence design is non resource specific.
Proposal 3: Minimum size of the overlap of the sounding bandwidth of different users can be different than the minimum SRS sounding allocation. Details FFS.
Proposal 4: PAPR reduction techniques applied for block concatenated SRS sequence consider at least of the following methods 
• Time domain cyclic shifts across different blocks
• Phase rotation
• Different root/length sequence combinations.

Proposal 5: Consider block concatenated SRS sequence design using LTE sequence grouping as a baseline for comparing PAPR and cross correlations across different design proposals.
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