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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last meeting [1], some detailed issues for SRS have been discussed. However, there are still some remaining issues for SRS according to current version of TS, i.e., TS 38.211 v15.0.1 [2], TS 38.212 v15.0.1 [3] and TS 38.214 v15.0.1 [4]. In this contribution, we provide the summary of remaining details of SRS design. 
[bookmark: _Ref129681832]Discussions of Remaining Issues in Rel-15
Discussions on aperiodic SRS trigger time offset and Text Proposal on Rel.15 TS 38.211 v15.0.1 Section 6.4.1.4.4 
In RAN1#92 [1], it was agreed that the slot offset between the triggering DCI and the actual transmission of the SRS resource set is configured by higher layer parameter. However, it was not captured in current specification. 







Moreover, for SRS antenna switching for UE with 1T4R, 4 and 3 symbols are needed for SRS transmission and guard period, respectively. Therefore, the last 6 symbols in one slot are not enough for 1T4R SRS antenna switching, and inter-slot antenna switching should be supported for this case. One solution is that the UE transmit the first two SRS resources in slot and the rest two SRS resources in slot , where  is the configured slot offset between the triggering DCI and the actual transmission of the SRS resource set, and  can be a predefined value. It is preferred that the length of  slots equals to the value configured by higher layer parameter DL-UL-transmission-periodicity, and therefore the slot formats of slot  and  are the same. Hence, constraint between UL-DL pattern and SRS triggering can be avoid. 
Proposal 1: NR supports aperiodic SRS antenna switching for 1T4R by two slots with time interval configured by higher layer parameter DL-UL-transmission-periodicity.
	Text proposals for TS 38.211 v15.0.1 Section 6.4.1.4.4
< Unchanged parts are omitted >


For an SRS resource configured as periodic or semi-persistent by the higher layer parameter SRS-ResourceConfigType, a periodicity  (in slots) and slot offset  are configured according to the higher layer parameter SRS-SlotConfig. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying








[bookmark: _Hlk508700147][bookmark: _Hlk508615674]For an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType and included in an SRS resource set, a slot offset  is configured according to the higher layer parameter slotOffset for the SRS resource set. If the SRS resource set is with four SRS resources and configured with higher layer parameter SRS-SetUse set to ‘antenna switching’, the UE shall commence transmission of the first two SRS resources in the SRS resources set in slot , and commence transmission of the rest two SRS resources in the SRS resources set in slot , where where is the slot containing DCI for the triggering of the SRS resource set, slots equal to the length configured by higher layer parameter DL-UL-transmission-periodicity. Otherwise, UE shall commence transmission of the activated SRS resources set in slot .
SRS may be transmitted only if all OFDM symbols corresponding to the configured SRS resource are semi-statically configured as 'uplink' or ‘flexible’ in the candidate slot and SRS transmission is allowed by the procedure in clause 11.1 of [5, TS 38.213].
 < Unchanged parts are omitted >



Discussions on SRS triggering without scheduling data and Text Proposal on Rel.15 TS 38.214 v15.0.1 Section 5.1.3.2
In LTE, gNB can disable a transport block by DL DCI by configuring IMCS =0 and rvidx =1, and therefore the DL DCI can be used for SRS triggering without any data scheduling. It is a very common case in cellular network that gNB need to update the UL or DL CSI based on SRS but no data packet is arrived. One option is that gNB generates a useless packet and triggers SRS with the packet. However, this option may lead to unnecessary resource overhead and scheduling complexity. Thus, we prefer to reuse the mechanism in LTE to disable a transport block in DCI format 1_1, i.e., by configuring IMCS =0 and rvidx =1.
Proposal 2: NR support to disable a transmission block in DCI format 1_1 by configuring IMCS =0 and rvidx =1.
	Text proposals for TS 38.214 v15.0.1 Section 5.1.3.2
< Unchanged parts are omitted >
[bookmark: _Toc501048167]5.1.3.2	Transport block size determination
For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS-Table-PDSCH is set to '256QAM' and , or the higher layer parameter MCS-Table-PDSCH is not set to '256QAM' and , the UE shall first determine the TBS as specified below:
1) For DCI format 1_1, a transport block is disabled if IMCS =0 and rvidx =1, otherwise the transport block is enabled.
12)	The UE shall first determine the number of REs ( within the slot. 
 < Unchanged parts are omitted >



Discussions on SRS symbol-level configuration and Text Proposal on Rel.15 TS 38.211 v15.0.1 Section 6.4.1.4.1
In RAN1#92[1], it was agreed that SRS-ResourceMapping is used to capture time domain start position in terms of OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (1, 2, or 4 per SRS resource), and also includes repetition factor (1, 2, or 4) indicating number of OFDM symbols within an SRS resource where the subcarrier mapping is repeated across symbols. For symbol-level configuration, the following design principle should be guaranteed:
1. 
Starting position offset in the time domain  
2. 
Symbol number  
3. 
SRS repetition factor 
4. 

5. 

The principle 1, 2, 3 and 5 are captured in TS 38.211 v15.0.1 and TS 38.331 v15.0.1. However, principle 4 should also be considered in the specification. 



Proposal 3: The configuration of SRS starting position offset and symbol number  should satisfy .
	Text proposals for TS 38.211 v15.0.1 Section 6.4.1.4.1 
< Unchanged parts are omitted >
An SRS resource consists of



-	 antenna ports , , given by the higher layer parameter NrofSRS-Ports

-	 consecutive OFDM symbols contained in the higher layer parameter SRS-ResourceMapping




-	, the starting position in the time domain given by  where the offset counts symbols backwards from the end of the slot and is contained in the higher layer parameter SRS-ResourceMapping, where 

-	, the frequency-domain starting position of the sounding reference signal
< Unchanged parts are omitted >




Discussions on SRS antenna switching and Text Proposal on Rel.15 TS 38.214 v15.0.1 Section 6.2.1.2
In TS 38.214 v15.0.1 [4], it is defined that when UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a SRS resource set, the UE can be configured with two or four SRS resources within the resource set, and the SRS ports for each resource are associated with different UE antenna ports or UE antenna pair. However, the detailed relation between SRS port and UE antenna port is not defined. 
In order to guarantee DL CSI acquisition based on SRS antenna switching, UE should at least keep the same association between SRS ports of each SRS resource and UE antenna ports during the transmission of the SRS resource set. 
Proposal 4: For SRS antenna switching, the association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured. 
	Text proposals for TS 38.214 v15.0.1 Section 6.2.1.2 
< Unchanged parts are omitted >
When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or
-	SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,
and a guard period where UE does not transmit any other signal of at least Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot. The association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured.
< Unchanged parts are omitted >



Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: NR supports aperiodic SRS antenna switching for 1T4R by two slots with time interval configured by higher layer parameter DL-UL-transmission-periodicity.
Proposal 2: NR support to disable a transmission block in DCI format 1_1 by configuring IMCS =0 and rvidx =1.



Proposal 3: The configuration of SRS starting position offset and symbol number  should satisfy .
Proposal 4: For SRS antenna switching, the association between SRS ports of the SRS resource set and UE antenna ports shall not change among bursts of SRS transmissions once SRS resources are configured. 
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