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1. Introduction
The approved WID [1] includes DL MIMO efficiency enhancements for LTE, and main target of the enhancements is to enhance SRS coverage and capacity. As captured in WID objectives, additional SRS resource allocation regions need to be introduced, including more than one symbol for one UE or for multiple UEs on a normal UL subframe.
In previous RAN1 meetings, the following agreements regarding additional SRS symbols were made:
	Agreement

Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).
Conclusion

The term additional SRS symbols are those further introduced in Rel-16, as indicated in the title of the AI “Additional SRS symbols”. The last symbol is not part of the additional SRS symbols.
Agreement

Both legacy SRS and additional SRS symbol(s) can be configured for the same UE.

· In case of legacy SRS is aperiodic, UE can transmit one of legacy SRS or additional SRS symbol(s) in the same subframe

· In case of legacy SRS is periodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same or different subframes

· FFS: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes 

· Including triggering mechanism
Agreement

For the numbers of additional SRS symbols that can be configured to a UE: 1-13 

Agreement

For the time location of possible additional SRS symbols in one normal UL subframe for a cell:

· 1 to 13 symbols in one subframe can be used for SRS from cell perspective
· FFS: How/Whether to introduce specification support to handle collision of SRS and PUCCH/PUSCH transmission 
Agreement

Transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE is supported
Agreement

For aperiodic SRS transmission, any combination of the following features can be simultaneously configured

· Intra-subframe antenna switching 

· At least antenna switching across all antenna ports is supported

· FFS: Antenna switching across a subset of antenna ports

· Intra-subframe frequency hopping

· Intra-subframe repetition

FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well 

Agreement

At least for the support of SRS repetition 
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  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.

Agreement 

The configurable number of additional SRS repetitions can be

· {1, 2, 3, 4, 6, 7, 8, 9, 12, 13}

Above applies per antenna port and per subband

Agreement

A codepoint in the same DCI triggers SRS transmission for one of the following:

· Only aperiodic legacy SRS symbols

· Only aperiodic additional SRS symbols

· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe

The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

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,

Working Assumption

When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

Conclusion

Legacy SRS symbols follow the legacy configuration

Agreement

Aperiodic additional SRS can only be triggered for transmission in any subframe belonging to the legacy UE-specific SRS subframe configuration

Agreement

For the handling of collision of SRS and PUCCH/PUSCH transmission, downselect from the following in RAN1#98
· Alt1: Use sPUSCH and/or sPUCCH

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

· Multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported

· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

· Choose between drop and delay

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

· FFS: Collision on interband-CA, intraband-CA

· Alt4: It is up to eNB/UE implementation


In this contribution, we discuss the enhancements on SRS including aperiodic SRS configuration and transmission, collision handling of SRS and the other uplink channels, and concurrent configuration of antenna switching and frequency hopping/repetition.
2. Discussions
2.1. Additional SRS configuration
In previous releases, SRS has been enhanced with multi-symbol SRS configuration only for the special subframe. The additional UpPTS symbols for SRS transmission was introduced in Release 13 SRS enhancement for EB/FD-MIMO, and it is indicated to the UE with the higher layer parameter either additional 2 symbols or 4 symbols configuration. New RRC parameter values for additional UpPTS symbols are separately configured from the legacy SRS configurations.
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
For Rel-16 SRS enhancements, similar approach from previous releases can be applicable to multi-symbol SRS configuration on the normal subframe. Regarding UE-specific SRS configuration, new set of RRC parameter values for Rel-16 UE-specific SRS can be configured separately from the legacy UE-specific SRS, which seems aligned to the recent agreement made in RAN1#96 on “For the numbers of additional SRS symbols that can be configured to a UE: 1-13”. For example, SRS repetition spanned from the second-last symbol of subframe to multiple symbols can be configured in consideration of cell-edge UE. Specifically, eNB can configure new UE-specific multi-symbol SRS from the second-last symbol of the subframe and indicate starting symbol index and the number of SRS symbols to be transmitted for resource utilization flexibility.

Proposal 1: New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration.
2.2. Aperiodic additional SRS transmission

AP-SRS is clearly useful in several aspects. For DL data transmission in a TDD configuration, eNB can acquire DL channel state information with triggering AP-SRS whenever necessary to schedule DL data in both CA scenario and non-CA scenario. As agreed in RAN1 #96-bis meeting, Rel-15 DCI formats are reused for additional SRS triggering, where a codepoint in the same DCI can trigger one of followings, only aperiodic legacy SRS symbols/only aperiodic additional SRS symbols/both aperiodic legacy and aperiodic additional SRS symbols. As mentioned in section 2.1, New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration, which is similar approach that additional SRS was introduced on UpPTS symbols with separate configuration in previous releases. So, reminding the above agreement, a codepoint in the DCI formats that support SRS triggering can be used to trigger only legacy aperiodic SRS, another codepoint in the same DCI can be used to trigger both legacy and additional aperiodic SRS with two independent SRS configuration(legacy and additional) associated with the single codepoint. Also, another codepoint in the same DCI can be used to trigger only additional aperiodic SRS when the codepoint is associated only with a configuration of additional SRS. Table 1[7] shows SRS request field description of the corresponding DCI formats. For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field can trigger legacy and/or additional aperiodic SRS depending on the RRC description of the codepoint in which legacy and/or additional SRS related separate configuration(s) can be associated by eNB implementation. More specifically, a given nth SRS parameter set (n=1, 2, or 3) in Table 1 can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
Table 1. SRS request value for trigger type 1 in DCI format 4/4A/4B/7-0B

	Value of SRS request field
	Description

	'00'
	No type 1 SRS trigger

	'01'
	The 1st SRS parameter set configured by higher layers

	'10'
	The 2nd SRS parameter set configured by higher layers

	'11'
	The 3rd SRS parameter set configured by higher layers


Proposal 2: For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field corresponding to nth SRS parameter set (n=1, 2, or 3 depending on DCI formats) can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
2.3. Collision handling of SRS and the other uplink channels
For the handling of collision of SRS and PUCCH/PUSCH transmission, it was decided to down-select from the 4 alternatives in RAN1#98. According to the agreement, first two alternatives are to handle the collision between SRS and the other UL channels by exploiting Rel-15 Short-TTI UE capability and a certain dropping rules. On the other hand, last two alternatives are to depend on eNB implementation for the given problem. However, in previous meeting, it is agreed that the whole subframe (except the last symbol) can be used for additional SRS from cell perspective. This can cause collision between additional SRS and the other UL channels like PUCCH and PUSCH, especially in case of UL subframe lacked TDD DL-UL configurations (i.e., TDD configuration 2 or 5). In addition, it seems very difficult to avoid collisions between additional SRS and PUSCH transmission, where it also needs to be carefully discussed on cases of retransmission PUSCH, since the timeline for PUSCH retransmissions could depend on TDD DL-UL configuration.
In our view, considering the agreement made in RAN1#96 as “1 to 13 symbols in one subframe can be used for SRS from cell perspective”, and if this cell-specific SRS region is below the maximum 13 symbols, e.g., only 7 symbols, Alt1 should be supported for utilizing the remaining symbols in terms of resource utilization of the network for other UL usages including PUSCH and PUCCH. For example, a scheduled PUSCH on the remaining symbols may follow a ‘slot-PUSCH’ format if the scheduled UE has such capability even for Rel-16 UE capable of additional SRS. In case of PUCCH transmission in Rel-16, similar approach can also be considered by utilizing ‘slot-SPUCCH’. For Alt2, we think dropping additional SRS when SRS collides with the other UL channels cannot give any benefit and it only wastes DL control channel, because the eNB can be aware of the collision between additional SRS and the other UL channels. Rather, delaying additional SRS when SRS collides with the other UL channels may have some benefits with a certain intention from eNB side for triggering additional SRS on relatively sparse DL control region in a subframe, which brings benefits on the flexibility for DL control channel assignment.
Proposal 3: Considering both stable UE behavior with different TDD configurations and resource utilization of the network for other UL usages, Alt1 (e.g., Use sPUSCH and/or sPUCCH) should be supported for handling the collision of SRS and PUCCH/PUSCH transmission.
2.4. Concurrent configuration of antenna switching and frequency hopping/repetition
As agreed in RAN1 #96-bis meeting, concurrent configuration of antenna switching and frequency hopping/repetition in the same subframe is agreed to be supported in Rel-16 LTE. When eNB configures additional SRS symbols to a UE with antenna switching and frequency hopping/repetition concurrently in the same subframe, it is an efficient way that the UE firstly performs frequency hopping/repetition before switching antenna port(s), which has benefits to reduce frequent allocation of symbol gaps unnecessarily, also concluded as working assumption in RAN1 #97.

For the case of frequency hopping/repetition only, it had been agreed that “At least for the support of SRS repetition nSRS = floor(l’/R), where [image: image7.png]
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 is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.”, where it should be noted that l’ is a re-numbered counting variable for the actual SRS transmissions. According to the agreement, nSRS is a counter for the number of UE-specific SRS transmissions and can be increased by symbol-level granularity. 
For the case of antenna switching only, based on Rel-15 LTE specification including the relevant behavior of “a(nSRS) = nSRS mod P” (e.g., P=4 for 1T4R), antenna port switching occurs as nSRS is increased. Note the granularity of nSRS in current LTE specification is a subframe-level. Here, to update this for the symbol-level granularity, the counter nSRS should be updated as “nSRS can be increased by the OFDM symbol number l’ (e.g., nSRS = l’) if only antenna switching is configured for a UE”, where it should also be noted that l’ is a re-numbered counting variable for the actual SRS transmissions.
For the case of concurrent configuration of antenna switching and frequency repetition/hopping, however, the above mentioned existing behavior of “a(nSRS) = nSRS mod P” should at least be revised to properly accommodate frequency hopping/repetition behaviors as well, based on the working assumption to apply frequency hopping/repetition first and followed by antenna switching. Therefore, a proper behavior would be that “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” can only be changed after all hopping bands are completely sounded, which needs to be captured as a revised equation such as a(nSRS) = floor(nSRS /K) mod P, where K is the number of hops for the same antenna which is given as [image: image12.wmf]Õ

=

=

SRS

hop

B

b

b

b

N

K

'

'

in Section 8.2 of [7].

Proposal 4: For the case of concurrent configuration of antenna switching and frequency repetition/hopping, the existing behavior on “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” should be revised according to the working assumption such that a UE antenna (for antenna switching) can only be changed after all hopping bands are completely sounded.
3. Conclusion

In this contribution, we have discussion on the enhancements on SRS, and provided observations and proposals as follows:
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
Proposal 1: New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration.
Proposal 2: For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field corresponding to nth SRS parameter set (n=1, 2, or 3 depending on DCI formats) can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
Proposal 3: Considering both stable UE behavior with different TDD configurations and resource utilization of the network for other UL usages, Alt1 (e.g., Use sPUSCH and/or sPUCCH) should be supported for handling the collision of SRS and PUCCH/PUSCH transmission.
Proposal 4: For the case of concurrent configuration of antenna switching and frequency repetition/hopping, the existing behavior on “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” should be revised according to the working assumption such that a UE antenna (for antenna switching) can only be changed after all hopping bands are completely sounded.
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