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1. Introduction

Further agreements/conclusions reached in RAN1#98 as below:
Agreement

Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration. 

· It is up to RAN4 to introduce a UE capability for those UEs which do not require guard period.
· Including whether to have separate UE capabilities for frequency hopping and antenna switching if such UE capability is introduced

Agreement

If the gap symbol is configured, it is not counted towards the number of configured SRS symbols 
[image: image4.bmp] as well as repetition factor R
Conclusion

No consensus on the support of antenna switching across a subset of antenna ports in one subframe in Rel-16
Agreement

At least for the case where there is no legacy SRS transmission on the subframe, independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.
Agreement

For the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe:

· Additional SRS and legacy SRS each follow their own transmission power control 

· FFS: Gap between additional SRS and legacy SRS symbols when they are adjacent

Conclusion

sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUCCH/PUSCH.

· FFS: Introduction of sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.

For further discussion in RAN1#98bis

For the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, downselect from the following
· Alt2A: UE delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

· Alt2B: UE drops SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS that collides PUCCH/PUSCH/PRACH in the same carrier

· FFS: Details for collision situations for interband-CA, intraband-CA

· Alt4: It is up to eNB implementation

In this contribution we discuss some of the remaining issues and relevant RRC parameters.
2. Discussion
2.1. On RRC configuration of additional SRS symbols
In RAN1#97, guard period configuration for frequency hopping and antenna switching was agreed as follows:

Agreement

A guard period can be configured for frequency hopping and antenna switching of additional SRS symbols.

· If guard period is configured, it is 1 OFDM symbol

· FFS: Guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured,
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In the post-RAN1#98 email discussion, companies discussed the RRC parameters for additional SRS symbol configuration including guard period. Some companies presented examples in the email discussion, if configured, the guard period is not present in all frequency hopping/antenna switching instances. As shown in figure 1 (a) and (b), there are two understanding of guard period configuration. In our view, the guard period configuration as shown in figure 1 (a) is not reasonable, the guard period is configured for a UE based on its capability, which means guard period configured in one instance and not configured in another instance is not consistent. If guard period is configured, as depicted in figure 1 (b), guard symbol is assumed to be present between each SRS transmission instances.
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(a)                                                                                                             (b)

Figure 1, example of additional SRS configuration 
With this clarification on guard symbol(s), fig.1b, the RRC configuration for additional SRS can be considered with two parameters such as additionalSRS-SymbolStartPos and additionalSRS-SymbolDuration, where additionalSRS-SymbolStartPos indicates the starting symbol of additional SRS within the slot and additionalSRS-SymbolDuration indicates length of additional SRS in terms of number of symbols including guard symbols.
	RAN2 ASN.1 name
(suggestions/examples)
	Parameter name in specification
	Description
	Value range

	additionalSRS-SymbolStartPos
	additionalSRS-SymbolStartPos
	Indicates the starting symbol of additional SRS
	4bits {1,2,3….13}

	additionalSRS-SymbolDuration
	additionalSRS-SymbolDuration
	Indicates duration of additional SRS symbols including guard period if configured
	4bits {1,2,3….13}


For example, eNB configures repetition as 1 symbol and SRS antenna switching-1T4R is configured, when eNB configures 7 symbols duration which includes 3 guard symbols among them, or when eNB configures 4 symbols duration without guard symbols. Similarly, frequency hopping can be configured with/without guard periods.
Proposal1: two parameters additionalSRS-SymbolStartPos and additionalSRS-SymbolDuration for configuring additional SRS symbols are supported.
2.2. Collision handling of SRS and PUSCH/PUCCH
It has been agreed that 1 to 13 symbols in one subframe can be used for additional SRS from cell perspective. It has also been agreed that only Rel-15 DCI formats that support SRS triggering can be used to trigger Rel-16 SRS transmission and the size of the SRS request field for triggering Rel-16 SRS is the same as that of relevant Rel-15 DCI formats. That means both the DL DCI and UL DCI are supported for triggering additional SRS. Lets separately consider these two scenarios below.

1) DL DCI triggered additional SRS

Assume additional SRS symbols are configured such that it occupies the symbols across two slots within a subframe as shown in figure 2 below.


Figure 2, example of additional SRS symbols configuration and DL DCI triggering

In the figure 2, the additional SRS periodicity is configured as 5ms. DL DCI triggers additional SRS symbols in subframe n and the UE transmits additional SRS symbols in the first subframe satisfying n+k where k≥4. In this case, eNB doesn’t schedule PUSCH in subframe n+4 thus the UE transmits additional SRS symbols after receiving the triggering command on subframe n. Especially in TDD, the eNB shall not send UL grant on subframe n or later such that the scheduled PUSCH falls on the same subframe as additional SRS symbols. In the case of collision between PUSCH and SRS on the subframe, a dropping rule shall be defined. 
2) UL DCI triggered additonal SRS

Figure 3, example of additional SRS symbols configuration and UL DCI triggering
In the figure 3, eNB sends UL grant in subframe n and triggers additional SRS symbols together, the scheduled PUSCH falls in subframe n+4 which is also valid subframe for transmission of additional SRS symbols. Since enhancement of PUSCH is out of scope, thus some prioritization rule should be defined. Of course, eNB can choose not to send UL grant on subframe n, however it restricts eNB scheduling. For example, if the eNB schedules sTTI on slot 0 on the subframe n+4 where additional SRS symbols are configured as in figure 3, the UE transmits sTTI in slot 0 and the additional SRS symbols which fall in slot 0 are dropped, the remaining additional SRS symbols which fall in slot 1 are transmitted. If eNB schedules normal PUSCH on subframe n+4 then all additional SRS symbols are dropped. eNB can trigger additional SRS symbols again when they are dropped in subframe n+4 in figure 3, however eNB should be careful not to trigger by UL DCI on subframe n+5 and schedule PUSCH such that both of them fall on subframe n+9.
For the handling of collision between additional SRS and PUSCH/PUCCH for UEs not supporting sPUSCH/sPUCCH, if the UE delays additional SRS transmission, it may be difficult to find the next available transmission subframe and lead to CSI measurement delay. If this issue is left to eNB implementation, it would restrict eNB scheduling flexibility. Therefore, dropping of additional SRS on the colliding symbols is preferred, and the remaining symbols of additional SRS still can be transmitted in this case.

Proposal2: for the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, UE drops additional SRS transmission on the symbols where the SRS collides with PUCCH/PUSCH/PRACH in the same carrier.
2.3. SRS power control

It was agreed to support independent power control for additional SRS and legacy SRS symbols when they are transmitted in the same subframe, which includes both open-loop and close-loop power control parameters. However, there is one remaining open-loop power control parameter P_SRS_OFFSET was not included in the post-RAN1#98 email discussion, which is used to indicate power offset between SRS and PUSCH/PUCCH when they are configured to transmit within a subframe. The higher layer parameter pSRS-Offset-additionalSRS should be added as in below table.
	RAN2 ASN.1 name
(suggestions/examples)
	Parameter name in specification
	Description
	Value range

	pSRS-Offset-additionalSRS
	P_{SRS_OFFSET,c}
	Indicate the P_SRS_OFFSET of the additional SRS symbols.
	same as pSRS-Offset


Proposal3: support to configure P_SRS_OFFSET for additional SRS.
3. Conclusion

In this contribution with discussed some of the remaining issues on additional SRS for LTE, and we have following proposals:
Proposal1: two parameters additionalSRS-SymbolStartPos and additionalSRS-SymbolDuration for configuring additional SRS symbols are supported.
Proposal2: for the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, UE drops additional SRS transmission on the symbols where the SRS collides with PUCCH/PUSCH/PRACH in the same carrier.
Proposal3: support to configure P_SRS_OFFSET for additional SRS.
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