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At RAN1#86bis meeting, it was agreed [1] to further study the following RS for both the UL and DL:
“…
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
 ”
Additional agreements on SRS can be found in [2] and in [3] where we have provided some preliminary considerations of SRS for CSI and beam management purposes. In this contribution, we discuss the design requirements for NR uplink RS taking the previous agreements into considerations.

Discussion
NR uplink RS can be used for UL channel estimation and other purposes such as RRM measurement and L1/L2 mobility. As discussed in [3], NR uplink RS requirements in the Active and Inactive states may be quite different.  For instance, UL channel estimation is not a necessary task in the Inactive state (also referred to as the RAN Controlled State) and can be designed with reduced resources to minimize energy consumption. 
Note also that UEs in Active state are tightly synchronized while the synchronization in Inactive state is less accurate. An inaccurate synchronization requires a larger cyclic prefix (CP) in the NR uplink RS to account for timing misalignment in the Inactive state. This, in turns, may result in the necessity of using longer symbol time and reduced subcarrier spacing for the NR uplink RS in the Inactive state. 
In LTE, depending on the higher layer signaling the SRS bandwidth can be as small as 4 RB to as large as 96 RBs for 20 MHz UL bandwidth. Furthermore, transmission combs (skipping multiple consecutive tones between two mapped tones) are used to map SRS to resource elements. In particular, if LTE SRS Zadoff-Chu (ZC) sequences of two UEs in the same cell are mapped to the same frequency chunk on the same symbol, then the only ways to distinguish them at NW are to use of different transmission Comb; or through use of different cyclic shifts.
Similar to LTE SRS, the NR uplink RS that are transmitted from two different UEs on the same time-frequency (TF) resources should ideally be orthogonal or, at least, have low cross-correlation properties to be distinguishable at NW side. While the maximum UL bandwidth in LTE is 20 MHz, it has been agreed that NR UE can transmit in up to 80 MHz. Thus, NR uplink RS should be able to support such a wide frequency band. 
Observation 1:  NR uplink reference signal for measurement should support NR UL bandwidths of up to at least 80MHz. 


This can be accomplished using various solutions such as frequency hopping of each RS covering only a part of the 80 MHz bandwidth or using longer ZC sequences with larger. Similar to LTE SRS,can still be the largest prime number smaller than the number of tones in NR UL frequency band.
Base ZC sequence in LTE SRS  is determined based on the unique ID of its serving cell. However, the serving TRP is transparent to the UE in NR  and multiple TRPs in NR cell share the same NR Cell ID (RRC level mobility). Thus, base ZC sequence in NR uplink RS can instead depend on the NR Cell ID that is shared among multiple TRPs in the NR cell. 

Design Considerations
Many factors should also be taken into account when determining the root of the base ZC-sequence in NR. A NR cell may comprise of large number of TRPs that are serving a very large number of UEs. As such, not enough ZC sequences may be available to support all UEs in the large coverage area of a NR cell. Therefore, multiple ZC roots should be used to generate the uplink RSs in a NR cell with orthogonal ZC-sequences assigned to UEs that would inflict more interference to one another while, if necessary, low correlated ZC-sequences can be assigned to UEs that inflict little or no interference to one another. ZC-sequence root and other characteristics of NR uplink RS including cyclic shift, transmission comb, and resource allocation, can be determined by the network using NR Cell ID and some UE-specific parameters.   
Proposal 1:   NR uplink reference signal of a UE is configurable by the network. NR cell ID and some UE-specific parameters are used to determine NR uplink reference signal of each UE. Use of other parameters is FFS. The NR cell encompasses multiple TRPs and beams that are transparent to the UE.   

NR supports 15 KHz LTE subcarrier spacing (SCS) as well as other SCSs such as 30 KHz and 60 KHz. Larger SCS entails shorter symbol time which, in turn, imposes more stringent limit on the number of available cyclic shifts to the same base sequence. This, consequently, may limit the number of available NR uplink RSs that can be transmitted on the same symbol and frequency chunk.  
Observation 2: Impact of the smaller symbol time of numerologies with larger subcarrier spacings on the available cyclic shifts of a base ZC sequence needs to be studied. 
Another consideration that needs to be taken into account is the possibility of less accurate timing alignment for UEs in certain RRC state. Therefore, a long cyclic prefix (CP) is required to absorb the round-trip delay and channel delay spread. This is somehow similar to the large CP requirement in LTE PRACH. CP and guard time (GT) durations depend on combined coverage area of TRPs since there are multiple TRPs anticipating to listen to the NR uplink RS of an Inactive UE, for example. In such cases, NR uplink RS should be as long as possible to allow more cyclic time shifts, resulting in more orthogonal sequences to be used by different UEs while still fitting into NR frame structures (e.g. self-contain subframe). Furthermore, when UE is in Inactive state, NR uplink RS may need to be a narrowband signal transmitted relatively infrequently, e.g. once per DRX cycle or less, to reduce energy consumption and to increase the number of UEs that can have an orthogonal resource.
To meet the needs of various deployment scenarios, multiple factors need to be considered in determining the NR uplink RS parameters and multiple formats of the RSs in terms of CP/GT/sequence duration and bandwidth should be supported. 

Observation 3: Multiple NR uplink reference signal formats in terms of CP/guard time/sequence duration and bandwidth should be supported and the format can be configured by the network using higher-layer signaling. 

Conclusion
Based the discussions above, we have the following observations and proposals:
Observation 1:  NR uplink reference signal for measurement should support NR UL bandwidths of up to at least 80MHz. 
Observation 2: Impact of the smaller symbol time of numerologies with larger subcarrier spacings on the available cyclic shifts of a base ZC sequence needs to be studied. 
Observation 3: Multiple NR uplink reference signal formats in terms of CP/guard time/sequence duration and bandwidth should be supported and the format can be configured by the network using higher-layer signaling. 
Proposal 1:   NR uplink reference signal of a UE is configurable by the network. NR cell ID and some UE-specific parameters are used to determine NR uplink reference signal of each UE. Use of other parameters is FFS. The NR cell encompasses multiple TRPs and beams that are transparent to the UE.   
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