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1. Introduction
In 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 RAN1#Ad-Hoc #2 meeting, the following proposals were agreed to study further [2].

· Support antenna switching for SRS transmission within a carrier:

· FFS: Support at least [2Tx, 4Tx] switching
· From a UE perspective, NR supports one or both of the following options on a given carrier:

· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH

· Option 1-1 : symbol level TDM

· Option 1-2 : FDM

· Option 1-3 : both symbol level TDM and FDM

· FFS : details

· Note : other options are not precluded

· 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 

· NR supports at least the following SRS sequences 
· LTE SRS sequences

· Study further whether or not to additionally support the following for NR SRS sequence design:

· 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 

· To conclude during the next meeting

· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations

· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones

In this contribution, we give our views on aspects of SRS sequence generation, antenna switching 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 RAN1 NR Ad-hoc#2 meeting, it was agreed that NR supports at least LTE sequences, and whether or not to support the following sequence generation mechanisms is FFS. 

· Opt-1: Truncated ZC design

· Opt-2: Block-wise concatenation based ZC sequence generation.

· Opt-3: Same LTE SRS sequence generation mechanism with additional roots  
For Opt-1, it can keep orthogonality between different UEs with partially overlapping BWs, but CM/PAPR may increase and the cross-correlation property may be worse. For Opt-3, the interference randomization mechanism inter cells will be affected and more standardization efforts are needed, so it is not preferred to introduce SRS with additional roots in NR phase 1. For Opt-2, 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. 
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: Block-wise concatenation based ZC sequence generation mechanism should be supported in NR. Different SRS sequence ID, cyclic shift can be used for each block.
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. 
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 LTE SRS sequence is more suitable for link-budget limited UEs, while block wise SRS sequence can be for improving 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 LTE based and block wise based for SRS sequence generation. The way to generate SRS sequence can be configured to UE by gNB, or tied to UL transmission waveform. When UE is configured with DFT-S-OFDM, SRS sequence generation is LTE based method, but if UE is configured with CP-OFDM, SRS sequence is block-wised based.
Proposal 2: The way to generate SRS sequence can be configured to UE by gNB, or tied to UL transmission waveform. 
2.2 Collisions between NR-SRS and short PUCCH
Since NR UL short control channel transmissions is allowed in the last one or two symbols of the slot, NR UL short control channel transmissions may collide with NR-SRS transmission transmissions. In RAN1 NR Ad-Hoc #2 meeting, in order to avoid such collisions, it was agreed that NR should support one or both approaches, which are multiplexing method and prioritization method. For the multiplexing method, multiplexing SRS and short format PUCCH by CDM should also be considered besides TDM and FDM. For example, if two symbols short format PUCCH is configured to UE, time domain OCC can be exploited to multiplex SRS and PUCCH without the restriction of equal bandwidth. 
For the prioritization method, the prioritization rule should be predefined between gNB and UE, or configured to UE by gNB. For example, prioritization order can be: PUCCH carrying NACK or SR > aperiodic SRS > PUCCH carrying ACK > periodic SRS
Proposal 3: Multiplexing SRS and short format PUCCH by CDM should be considered to avoid collision. 
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 Antenna switching for SRS transmission
In LTE Rel-8, 1Tx and no more than 2Rx at UE is considered as the main antenna configuration. One port SRS is supported for uplink transmission.  To support channel reciprocity for downlink MIMO transmission, antenna selection can be configured if eNB wants to obtain full downlink channel information when UE has 2Rx for downlink transmission.  In Rel-10, up to 4 ports SRS is introduced, it can work well to obtain full downlink channel information via channel reciprocity as long as the UE has the same number of Tx and Rx.  

Now UE vendors may take 4Rx into account in the upcoming product for improving downlink performance.  However, it seems that 4Tx at UE will not be a mainstream configuration for near future due to the high complexity and cost. Thus, different TX/RX chain number at UE, e.g. 1TX/4Rx or 2TX/4Rx may be more typical configurations for the UEs with the 4Rx capability.  Unfortunately, under the current LTE specification transmit antenna selection only allows two transmission antennas alternately mapped to one port.  These UEs can only obtain partial downlink channel information based on channel reciprocity.   It is hard to perform higher rank transmission for these UEs.  Also, gains from beamforming and interference suppression can't be fully exploited by these 4Rx UEs. 
Based on the above analysis, we propose to introduce both 2Tx and 4Tx switching for SRS transmission in NR.

Proposal 5: Both 2Tx and 4Tx switching  for SRS transmission should be supported in NR. 
2.5 SRS transmission for coverage enhancement
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 RAN1 #88bis 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 Fig.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.1 Symbol level SRS frequency hopping
Another approach to enhance SRS transmission coverage is by repeating SRS transmission on consecutive symbols, as shown in Fig.2. 
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Fig.2 Repeating SRS transmission on consecutive symbols
Proposal 6: 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 7: 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. 

Proposal 8: To enhance SRS transmission coverage, repeating SRS transmission on consecutive symbols should be supported in NR. 
3. Conclusion
In this contribution, we discuss SRS design for NR. From the above discussion, we have the following proposals:

Proposal 1: Block-wise concatenation based ZC sequence generation mechanism should be supported in NR. Different SRS sequence ID, cyclic shift can be used for each block.
Proposal 2: The way to generate SRS sequence can be configured to UE by gNB, or tied to UL transmission waveform. 
Proposal 3: Multiplexing SRS and short format PUCCH by CDM should be considered to avoid collision. 

Proposal 4: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR. 
Proposal 5: Both 2Tx and 4Tx switching for SRS transmission should be supported in NR. 
Proposal 6: 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 7: 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. 

Proposal 8: To enhance SRS transmission coverage, repeating SRS transmission on consecutive symbols should be supported in NR. 
Reference
[1] Chairman’s note, 3GPP RAN1#89
[2] Chairman’s note, 3GPP RAN1 NR Ad-hoc#2 
1
5

_1555258335.vsd
Frequency


time


UE1


UE1


UE1


UE1


UE2


UE2


UE2


UE2


Reserved for UE 1 SRS


Reserved for UE 2 SRS


Reserved for PUSCH



