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1 Introduction

In this contribution, the remaining issues of SRS are discussed:
1) The alignment between SRS and 2 concatenated DL-unknown-UL periodicity;
2) The allowed transmission OFDM symbols for SRS;
3) Remaining issues and text proposals on SRS design.
2 SRS Time Configuration

Based on the agreement on semi-static DL/UL assignment, NR supports flexible UL/DL switching periodicity, such as 0.5ms, 0.625ms, 1ms, 2ms, 2.5ms, 5ms, 10ms. Therefore, two types of periodicities in terms of number of slots in the periodicity are supported: Type 1 is periodicities set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64}; Type 2 is periodicities set with number of slots to be multiple of 5, i.e., {5,10,20,40…}. 

In RAN1 #AH1801 meeting, the following was agreed regarding the periodicity of frame structure:

Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following perisodic/semi-persistent RS:

· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”

According to the agreement in RAN1 #AH1801, the additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets are introduced to periodic/semi-persistent SRS. Then, the SRS time configuration should be updated as Tab. 1 in appendix A. 

3 Discussion on the alignment between SRS and 2 concatenated DL-unknown-UL periodicity

In RAN1 #91 meeting, the following was agreed regarding the 2 concatenated DL-unknown-UL periodicity:

Agreements:

· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included

· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms

· When two perodicities are included, the corresponding parameters are independently configured.

· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)

However, the 2 concatenated DL-unknown-UL periodicity may not align to the periodicities set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64} or the periodicities set with number of slots to be multiple of 5, i.e., {5,10,20,40…}. As shown in Fig. 1, when semi-static DL/UL assignment is configured with “2.5ms+1ms” 2 concatenated DL-unknown-UL periodicity, the 2.5ms periodicity includes 5 slots and 1ms periodicity includes 2 slots (30KHz SCS). If SRS transmits at slot3 and the periodicity is 5 slots, then SRS will transmit at slot8, which is a DL slot, similarly, if SRS transmits at slot3 and the periodicity is 4 slots, then SRS will transmit at slot7, which is also a DL slot. Therefore, the misalignment between SRS periodicity and 2 concatenated DL-unknown-UL periodicity should be solved.
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Figure 1 The misalignment between SRS and 2 concatenated DL-unknown-UL periodicity
For the alignment between SRS and 2 concatenated DL-unknown-UL periodicity, the following two cases with different SRS period are separately discussed:
1. Case 1: SRS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity. In this case, the current SRS configuration index ISRS by SRS-SlotConfig can be reused to indicate a transmission period TSRS  (in slots) and slot offset Toffset. Considering the possible two configurations of 2 DL-unknown-UL periodicities, the following two sub-cases can be categorized:
a) Case1-1: The 2 DL-unknown-UL periodicities belong to the same periodicities set, i.e., the two periods are both in set of values power of 2, or both in set of values as multiple of 5.. In this case, Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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b) Case1-2: The 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. As an example shown in Fig.1, the 1st DL-unknown-UL periodicity belongs to the periodicity set with number of slots to be multiple of 5, i.e., {5,10,20,40...}, and the 2nd DL-unknown-UL periodicity belongs to the periodicity set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64}. In this case, SRS will be transmitted only in the DL-unknown-UL periodicity which is aligned with the SRS periodicity TSRS, which means SRS will be transmitted in the DL-unknown-UL periodicity with the number of slots to be multiple of 5 when TSRS{5,10,20,40..}, and SRS will be transmitted in the DL-unknown-UL periodicity with the number of slots to be power of 2 when TSRS[image: image4.png]


{1,2,4,8,16,32,64}. In this case, Candidate slots index and the corresponding radio frame index in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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, if TSRS is aligned with the 1st DL-unknown-UL periodicity; or[image: image6.wmf](
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, if TSRS is aligned with the 2nd DL-unknown-UL periodicity.
2. Case 2: SRS is to be transmitted in both of the 2 concatenated DL-unknown-UL periodicities. In this case, two SRS configuration indexes ISRS,1 and ISRS,2 are needed, which are given by higher layer parameter SRS-SlotConfig and SRS-SlotConfig-2, corresponding to the 2 concatenated DL-unknown-UL periodicities. Candidate slots in which the configured SRS resource may be transmitted are the slots satisfying
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Proposal 1: Support the SRS configuration that matches the frame structure of 2 concatenated DL-unknown-UL periodicity.

Proposal 2: If SRS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity, the current SRS configuration can be reused by with following updated interpretations to identify the slots that applied for transmitting SRS. 

1. If UE is configured with 2 concatenated DL-unknown-UL periodicity and only one SRS configuration index ISRS, which is given by higher layer parameter SRS-SlotConfig，
· If the 2 DL-unknown-UL periodicities belong to the same periodicities set, candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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· If the 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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, if TSRS is aligned with the 1st DL-unknown-UL periodicity; or[image: image13.wmf](
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, if TSRS is aligned with the 2nd DL-unknown-UL periodicity.
Proposal 3: If SRS is to be transmitted in both the 2 concatenated DL-unknown-UL periodicity, new RRC signaling needs to be added to address the two SRS configurations. In addition, the SRS configurations need to be re-interpretations as follows to identify the slots that applied for transmitting SRS. 
· If UE is configured with 2 concatenated DL-unknown-UL periodicity and two SRS configuration indexes ISRS,1 and ISRS,2, which are given by higher layer parameter SRS-SlotConfig and SRS-SlotConfig-2, respectively. Candidate slots in which the configured SRS resource may be transmitted are the slots satisfying
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4 Discussion on the allowed transmission OFDM symbols for SRS

In 38.211, the transmission configuration for SRS is described as “SRS may be transmitted only if all OFDM symbols of the candidate slot corresponding to the configured SRS resource are classified as 'uplink'.” This description means that SRS cannot be transmitted in “flexible” OFDM symbols. However, there was no such agreements in MIMO discussion. In our understanding, SRS may be transmitted in OFDM symbols of the candidate slot corresponding to the configured SRS resource are classified as 'uplink' or ‘flexible’, and the number of the 'uplink' and ‘flexible’ OFDM symbols of the candidate slot should not be less than the configured
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 for the SRS resource.

The corresponding text proposal is provided in Appendix B. 
Proposal 4: SRS may be transmitted in 'uplink' or ‘flexible’ OFDM symbols of the candidate slot corresponding to the configured SRS resource.
5 Discussion on the remaining issues and text proposals on SRS design
In RAN1#90 meeting, following agreements for SRS design are made [1]. 

Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 

· For LTE SRS sequences: 

· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)

· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner

· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods

· Note that the design shall consider the maximum allowed bandwidth of a BWP
In current specifications of NR, linkage between BWP and SRS configuration is missed, which we think should be clearly described in specs. As described in section 12 “Bandwidth part operation” of TS 38.213[2], a UE can be configured with maximum four UL BWPs, and only one BWP can be activated. Based on the agreements in RAN1#90, NR should support to sound substantially all UL PRBs in a BWP. 

Additionally, in RAN1 #90b, following agreements for BWP operation are made [3].

Agreements: 

When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
o FFS: details of measurement gap configuration 
o During the measurement gap, UE is not expected to monitor CORESET.
The “outside of its active BWP” in this agreement could refer to an inactive BWP or the bandwidth which does not belong to any BWPs. In our opinion, the first meaning is preferred, since the SRS on an inactive BWP may be needed in some cases. For example, SRS on an inactive BWP can be used to assist BWP switching.
Thus, it is natural to introduce the high layer parameter BWP-Info for a SRS resource set to associate a SRS resource set with a BWP. The corresponding text proposal is provided in Appendix B. 

Proposal 5: Introduce high layer parameter BWP-Info for a SRS resource set.
6 Conclusions
From the above discussion about SRS, we have the following proposals:
Proposal 1: Support the SRS configuration that matches the frame structure of 2 concatenated DL-unknown-UL periodicity.

Proposal 2: If SRS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity, the current SRS configuration can be reused by with following updated interpretations to identify the slots that applied for transmitting SRS. 

2. If UE is configured with 2 concatenated DL-unknown-UL periodicity and only one SRS configuration index ISRS, which is given by higher layer parameter SRS-SlotConfig，
· If the 2 DL-unknown-UL periodicities belong to the same periodicities set, candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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· If the 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying
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, if TSRS is aligned with the 1st DL-unknown-UL periodicity; or[image: image21.wmf](
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, if TSRS is aligned with the 2nd DL-unknown-UL periodicity.
Proposal 3: If SRS is to be transmitted in both the 2 concatenated DL-unknown-UL periodicity, new RRC signaling needs to be added to address the two SRS configurations. In addition, the SRS configurations need to be re-interpretations as follows to identify the slots that applied for transmitting SRS. 
· If UE is configured with 2 concatenated DL-unknown-UL periodicity and two SRS configuration indexes ISRS,1 and ISRS,2, which are given by higher layer parameter SRS-SlotConfig and SRS-SlotConfig-2, respectively. Candidate slots in which the configured SRS resource may be transmitted are the slots satisfying
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Proposal 4: SRS may be transmitted in 'uplink' or ‘flexible’ OFDM symbols of the candidate slot corresponding to the configured SRS resource.
Proposal 5: Introduce high layer parameter BWP-Info for a SRS resource set.
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8 Appendix A
Table 1: SRS time configuration.
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9 Appendix B

<Text proposal Start>
TS38.211
6.4.1.4.4
Sounding reference signal slot configuration

SRS may be transmitted in 'uplink' or ‘flexible’ OFDM symbols of the candidate slot corresponding to the configured SRS resource.
<Text proposal End>
<Text proposal Start>
TS38.214
The UE may be configured by the higher layer parameter SRS-ResourceMapping with an SRS resource occupying a location within the last 6 symbols of the slot. Each SRS resource set is located in the UL BWP identified by the higher layer parameter BWP-info, and all SRS resources linked to a SRS resource set are located in the same UL BWP.
When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
<Text proposal End>
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