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1. Introduction

Further agreements were reached in RAN1#96bis as below:
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

The size of the SRS request field for triggering Rel-16 SRS is the same as that of relevant Rel-15 DCI formats.

Agreement

Only Rel-15 DCI formats that support SRS triggering can be used to trigger Rel-16 SRS transmission.

For further study until RAN1#97

Power control on additional SRS symbols and legacy symbols

Agreement

For additional SRS symbols, per-symbol group hopping and sequence hopping are supported. 

· In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE

· FFS: Details such as sequence design

Agreement

In order to address at least possible power change due to frequency hopping or antenna switching for additional SRS symbols, select one of the following options:

· Option 1: A guard period of one symbol is introduced in RAN1 specifications.

· Option 2: No guard period is introduced in RAN1 specifications

· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.

Send an LS to RAN4 to ask their view on transient period for frequency hopping or antenna switching (including the time duration needed for this transient period). 
In this contribution we discuss some of the remaining issues.
2. Discussion
2.1. Time domain behavior

It was agreed in RAN1#94bis that aperiodic SRS is supported for additional SRS and FFS on periodic transmission. Below we analyze periodic and aperiodic transmission of additional SRS symbols keeping in mind the WID objective: Enhancements on PUCCH and PUSCH are not in scope. 
Periodic:

Periodic SRS resource and related parameter are semi-statically configured by RRC. When one or more symbols in normal subframe are semi-statically configured for periodic SRS transmission, PUSCH scheduling will be restricted on those subframes on those PRBs which will impact legacy UE performance. sTTI scheduling may be possible depending on SRS occupied symbols in the subframe. The main purpose of periodic SRS is to obtain coarse channel information, which is keep-it-alive type of signal, legacy SRS can easily fulfill the purpose. In this sense, periodic transmission for additional SRS doesn’t seem to be essential.

Aperiodic:

Aperiodic SRS transmission is very flexible, and the UE transmits aperiodic SRS only after eNB triggers. From cell perspective, all symbols in a normal subframe can be configured for additional SRS transmission. However eNB can trigger one or more UEs to occupy only part of the symbols for SRS transmission. The remaining symbols can either be used for SRS transmission from other UEs or scheduling sTTI data. When no UEs are triggered for SRS transmission in the PRBs within the subframe, normal PUSCH can be dynamically scheduled. This improves multiplexing efficiency and lowers impact on legacy UE scheduling.
Proposal1: periodic transmission of additional SRS symbol(s) is not supported.
2.2. Additional SRS symbols in normal subframes
From the system perspective, resource utilization will be lower if the resources are semi-statically reserved for additional SRS. One or multiple symbols in the subframe can be allocated for one UE to transmit additional SRS depending on different needs, for example, in the case of coverage limited scenario multiple symbols SRS can enhance coverage whereas multiple UEs with one symbol SRS multiplexed in a subframe can increase capacity. The measure to minimize resource wastage should also be considered, for example allowing sTTI or normal PUSCH scheduling on symbols configured for additional SRS transmission but not actually used. 

Proposal2: multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal3: dynamic time and frequency domain resource allocation for additional SRS is supported. 
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 1 below.
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Figure 1, example of additional SRS symbols configuration and DL DCI triggering

In the figure 1, 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 2, example of additional SRS symbols configuration and UL DCI triggering
In the figure 2, 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 2, 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, or additional SRS transmission is differed to next available subframe. eNB can trigger additional SRS symbols again when they are dropped in subframe n+4 in figure 2, 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.
Proposal4: additional SRS dropping mechanism should be specified in the case where scheduled PUSCH and triggered additional SRS fall in the same subframe.

2.3. Triggering additional SRS and legacy SRS

Following agreements were reached in RAN1#96bis:
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.

The additional SRS symbols and legacy SRS symbols can be configured on the same subframe, however there is no motivation of transmitting both in the same subframe, either additional SRS symbols or legacy SRS symbols are transmitted in one subframe. Certain rule can be defined, for example, when both additional and legacy SRS symbols are configured on the same subframe and a codepoint in the DCI triggers aperiodic SRS, UE transmits additional SRS symbols only if not all of them are dropped due to collision with PUSCH, if all additional SRS symbols are dropped due to collision with PUSCH then the UE transmits legacy SRS.
Proposal5: when additional SRS and legacy SRS symbols are configured on the same subframe and a codepoint in the same DCI triggers aperiodic SRS the UE transmits either aperiodic legacy SRS symbols or aperiodic additional SRS symbols. Certain rule on how UE determines which SRS to transmit should be defined.
2.4. Intra-subframe frequency hopping and repetition
Following discussion occurred in RAN1#96 without conclusion.

· For support of repetition and frequency hopping, 
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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

· FFS: Value of R, 
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· Applies for aperiodic SRS

· Consider whether legacy SRS and additional SRS symbols have the same hopping pattern.

· Consider whether flexible configuration (e.g., comb/comb offset configuration) is supported for repetition of additional SRS symbols.

· LTE Rel-15 framework for frequency hopping and antenna switching can be reused for supporting frequency hopping and antenna switching for additional SRS symbols with appropriate changes. FFS on the appropriate changes.

Intra-slot and inter-slot frequency hopping is supported in NR Rel-15, an SRS resource spanning N symbols can be configured with repetition factor R (where R<N). Similar mechanism can be used for additional SRS intra-subframe frequency hopping with an SRS spanning 
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 symbols and repetition factor R in a normal UL subframe. The supported values of R and 
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 can be {1, 2, 4, 8, 12} symbols, where R <= 
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. When the value of R is equal to 
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 intra-subframe frequency hopping is disabled, for the value of R is less than 
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 intra-subframe frequency hopping is enabled. For example, the value of R=4 and 
[image: image17.wmf]SRS

symb

N

=4 means the UE repeats SRS transmission on 4 symbols without frequency hopping; the value of R=1 and 
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=4 means the UE transmits SRS with intra-subframe frequency hopping with 4 hops spanning 4 symbols to scan the whole bandwidth. Frequency hopping mechanism or pattern for additional SRS symbols could be similar to legacy SRS hopping pattern however full hopping cycle is confined within a sub-frame. It was discussed whether flexible configuration is supported for repetition of additional SRS symbols, however in our view the motivation is not clear.
Proposal6: intra-subframe frequency hopping and repetition transmission for additional SRS is supported, frequency hopping using both additional SRS and legacy SRS together is not supported. 
Proposal7: intra-subframe frequency hopping of additional SRS symbols is confined within a sub-frame.
2.5. SRS power control

It was agreed both additional SRS and legacy SRS can be triggered within a subframe in RAN1 #96bis meeting. This may cause phase discontinuity problem due to power change between additional SRS and legacy SRS. Therefore, whether support independent power control for additional SRS and legacy SRS or not was came up with in last meenting. If a common power control is supported, it may cause power consumption, coverage and interference issues due to independent time and frequency resource allocation for additional SRS and legacy SRS. While if independent power control is supported, more accurate and efficient power control can be implemented for additional SRS and legacy SRS to prevent above issues. Regarding phase discontinuity due to independent power control, an LS should be sent to RAN4 to handle this problem.
To support independent open-loop power control for additional SRS and legacy SRS, at least different pathloss reference RS can be configured for different purposes or different use cases. Besides, independent P0 and alpha configurations also can be considered. To support independent close-loop power control for additional SRS and legacy SRS, independent close loop power control adjustment state and TPC command should be supported to enhance power control accuracy and efficiency. 
Proposal8: independent power control for additional SRS and legacy SRS is supported.
3. Conclusion

In this contribution with discussed some of the remaining issues on additional SRS for LTE, we have following proposals:
Proposal1: periodic transmission of additional SRS symbol(s) is not supported.
Proposal2: multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal3: dynamic time and frequency domain resource allocation for additional SRS is supported. 
Proposal4: additional SRS dropping mechanism should be specified in the case where scheduled PUSCH and triggered additional SRS fall in the same subframe.

Proposal5: when additional SRS and legacy SRS symbols are configured on the same subframe and a codepoint in the same DCI triggers aperiodic SRS the UE transmits either aperiodic legacy SRS symbols or aperiodic additional SRS symbols. Certain rule on how UE determines which SRS to transmit should be defined.
Proposal6: intra-subframe frequency hopping and repetition transmission for additional SRS is supported, frequency hopping using both additional SRS and legacy SRS together is not supported. 

Proposal7: intra-subframe frequency hopping of additional SRS symbols is confined within a sub-frame.
Proposal8: independent power control for additional SRS and legacy SRS is supported.
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