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1. Introduction
In last RAN1 #89 meeting, following agreements for SRS sequence generation and SRS TX beam determination are made [1]. 
· Regarding SRS sequence design, companies are encouraged to perform evaluations considering:

· Alt-1 SRS sequence generation is not a function of allocated PRB position

· Alt-2 SRS sequence generation is a function of allocated PRB position

· Aim to conclude next meeting
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC

· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling

· FFS: for combination of RRC and DCI

· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time

· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed

· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence

· FFS: sub-time-units for SRS (if supported),  SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.

In this contribution, we give our views on aspects of SRS sequence generation, TX beam determination and SRS transmission. 
2. Discussion 
2.1 SRS sequence generation 
In LTE, SRS sequence is generated based on the whole SRS bandwidth configured for UE, and the SRS bandwidth is no more than 20MHz.  Larger system bandwidth is used to improve peak data rate in NR, and the RS bandwidth configured for one UE may be larger than that in LTE. In addition, higher user density needs to be supported in NR, thus SRS capacity becomes more limited. 
In last RAN1 #89 meeting, it was agreed that following two alternatives for SRS sequence generation should be studied and evaluated: 

· Alt-1: SRS sequence generation is not a function of allocated PRB position

· Alt-2: SRS sequence generation is a function of allocated PRB position

For Alt-1, it can keep the same design principle as LTE, and more low PARP/CM can be achieved with Alt-1, which is beneficial for UEs at cell edge. However, it will be hard to keep orthogonality between different UEs of which SRS BWs are partially overlapped. 
For Alt-2, as shown in Figure 1, a SRS sequence can consist of multiple short sequences, each of which is spanning over a fraction of entire band configured for the UE. Orthogonal multiplexing of SRS with partially overlapping BWs among users can be achieved easily by this design of concatenated block-wise SRS, while the PAPR of SRS sequence may be raised. 
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Fig.1 Concatenated block SRS and the multiplexing between UEs

To avoid concatenation of identical sequences as that could lead to high PAPR, different SRS base sequences can be generated by using different SRS sequence ID for each SRS band. The determination of SRS sequence ID can be based on the subband index of SRS block. Furthermore, different orthogonal sequences, e.g. cyclic shift, can also be considered for different subbands, and then interference randomization can be achieved.
Proposal 1: For Alt-2, Different SRS sequence ID, orthogonal sequences can be introduced to generate SRS base sequence of each SRS band.
Determination of SRS sequence ID

For concatenated block-wise SRS, independent SRS sequence ID is needed for each block to generate SRS base sequence. In order to reduce the overhead of SRS sequence ID, we proposal that the determination of SRS sequence ID can be based on the subband index of SRS block. 

Size of SRS subband

To achieve flexible multiplexing of SRS among users and flexible scheduling by gNB, the minimum size of SRS subband can be 4 RB. Size of SRS subband is integer multiples of 4 RB, and can be UE-specifically configured by gNB according to the bandwidth of SRS. 

CM value of SRS sequence

In Table 1, we evaluate the CM value of SRS sequence. 96 RBs are assigned to SRS, the number of blocks is 12, and the size of each block is 8 RBs. From table 1, we can observe that block wise SRS with different roots can provide lower CM value than that with same roots, and the difference of CM values between LTE and block wise SRS is not significant. 

Table 1. CM value of SRS sequence (dB)
	SRS sequence in LTE
	Block wise SRS with same root
	Block wise SRS with different root

	1.9194
	11.4661
	3.2525


Based on above discussion, we can conclude that Alt-1 is more suitable for link-budget limited UEs, while Alt-2 is targeted for UL resource utilization efficiency. Since NR support many different types of UEs and many traffic types and scenarios, so it will be beneficial to support both methods of Alt-1 and Alt-2 for SRS sequence generation. The way to generate SRS sequence can be configured to UE by gNB, or predefined by gNB and UE based on the type of UL transmission waveform. 
Proposal 2: The way to generate SRS sequence (Alt-1 or Alt-2) can be configured to UE by gNB, or predefined by gNB and UE based on the type of UL transmission waveform. 
2.2 Number of SRS antenna port

Currently, more and more antenna elements can be made in a small size UE for transmitting or receiving signal in higher frequency bands. It will probably be expected that large size UE equipped with more antenna ports, such as laptop or relay. When UE uses the large number of antennas to transmit data, the accuracy of UL CSI estimation should be achieved for gNB when there is no channel reciprocity. Or else, the transmission efficiency will be impacted. In order to support UL channel measurement in the case of large number transmit ports, 8 SRS ports should be supported in NR. 
Proposal 3: 8 SRS ports should be supported for NR.
2.3 Semi-persistent or aperiodic SRS

In LTE-A, two-level configuration for SRS parameters was introduced in Rel-10, which includes two steps. Firstly, multiple sets of SRS parameters can be configured by BS via RRC signaling. Then SRS is triggered along with one parameter set by BS via DCI signaling. In NR, SRS is not only used to acquire UL CSI or DL CSI when reciprocity exists, but also used for uplink beam management. More sets of SRS parameters are required to achieve flexible UL beam management and dynamic SRS configuration from time domain, frequency domain, code domain and beam domain. To achieve more flexible SRS resource management, the overhead of DCI would be large if adopting this two-levels configuration approach. To reduce the DCI overhead, three-level SRS configuration can be considered in NR. For example, M sets of SRS parameters are configured by BS via RRC signaling. Then N sets of SRS parameters are selected from M sets by BS via MAC CE signaling. Finally, K sets of SRS parameters are selected from N sets by BS via DCI signaling. 
Proposal 4: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR. 
2.4 SRS frequency hopping
In LTE，both cell-specific and UE-specific SRS periodicity and subframe offset are configured to UE for SRS transmission, and only last symbol in uplink normal subframe and several symbols in UpPTS of special subframe can be allowed to transmit SRS. In last RAN 1 meeting, it is agreed that a UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot, it means that multiple reserved SRS symbols are supported in NR to increase SRS multiplexing capability. 
To improve the uplink channel estimation quality for cell-edge UE, symbol level or slot level frequency hopping of partial-band SRS can be considered in NR. For symbol level SRS frequency hopping, as shown in Figure 1, to improve resource utilization, the unused bandwidth of SRS symbol, e.g., the resource reserved for PUSCH, can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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Fig.2 Symbol level SRS frequency hopping
Proposal 5: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. 
Proposal 6: To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
3. Conclusion
In this contribution, we discuss SRS design for NR. From the above discussion, we have the following proposals:

Proposal 1: For Alt-2, Different SRS sequence ID, orthogonal sequences can be introduced to generate SRS base sequence of each SRS band.
Proposal 2: The way to generate SRS sequence (Alt-1 or Alt-2) can be configured to UE by gNB, or predefined by gNB and UE based on the type of UL transmission waveform. 
Proposal 3: 8 SRS ports should be supported for NR.
Proposal 4: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR. 
Proposal 5: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. 

Proposal 6: To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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