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1. Introduction
So far, we have following agreements and FFS:
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. 
FFS on periodic SRS transmission for additional SRS symbol(s).

Agreement
Both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols 
· FFS whether above is supported for periodic SRS in additional SRS symbols
Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols.
· FFS: Whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured
· FFS: Whether the above is supported for periodic SRS in additional SRS symbols

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

Agreement
For the numbers of additional SRS symbols that can be configured to a UE: 1-13 
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 
Same power control configuration applies for all additional SRS symbols configured to a single UE

In this contribution, we further discuss FFS as well as other potential issues.
2. [bookmark: _Hlk510734164][bookmark: _Hlk510734227]Additional SRS and Legacy SRS
In last RAN1 meeting, we have agreed to support to trigger aperiodic additional SRS and legacy SRS in the same uplink subframe. The remaining issue is to determine how to trigger both at the same time.
In LTE Rel-14, up to 6 symbols in UpPTS can be used simultaneously for SRS carrier switching or CEModeA. The UE can be configured with more than one configuration of SoundingRS-UL- ConfigDedicatedAperiodicUpPTsExt and/or SoundingRS-UL-ConfigDedicatedAperiodic. In UpPTS, the additional SRS symbols are not overlapped with legacy SRS symbols. They have separate configurations, but compatible with each other. The same DCI will trigger SRS transmission of more than one configuration at the same time. Similar approach can be easily extended to support aperiodic SRS transmission on additional symbols and legacy symbols in normal uplink subframes. The UE can be configured with additional SRS and legacy SRS configurations in normal UL subframe and use same DCI to trigger SRS transmission of two configurations simultaneously.

Proposal 1: Allow same DCI to simultaneously trigger additional SRS configuration and legacy SRS configuration in normal UL subframe.
Another issue is how to decide the SRS pattern on additional SRS symbols when legacy SRS is in the same uplink subframe. As illustrated in Figure 1 (a), the SRS frequency hopping may require 4 symbols to sound the entire bandwidth with a subband size of BW/4. If the pattern of SRS frequency hopping for additional SRS symbols is complementary to that of legacy SRS, 3 additional SRS symbols are sufficient with starting frequency subband of subband 1. Similarly, in Figure 1 (b), the SRS antenna switching 1T4R requiring 4 symbols could also use 3 additional SRS and one legacy SRS together and the antenna pattern on additional SRS symbols is starting from antenna 1 instead of 0, complementary to that of legacy symbol. 
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Figure 1 SRS Pattern of legacy and additional SRS symbols
Proposal 2: The SRS pattern of additional SRS symbols can be configured complementary to that of legacy SRS symbol if transmitted in same subframe.
3. SRS Power Control/Power Changes
Agreement 
Same power control configuration applies for all additional SRS symbols configured to a single UE

For further study in future meetings:
Further study on power control enhancements of additional SRS symbols (including whether these features are needed):
· Independent power control of additional SRS symbols from legacy SRS symbols
· Reuse of SRS power control for carriers without PUCCH/PUSCH
· Consider SRS configurations to reduce the range of power variations in a subframe
For legacy SRS, in carries with PUSCH, the open-loop/closed-loop power control parameters are shared with PUSCH. If additional SRS symbols are configured for DL CSI acquisition, we may apply different power control parameters for additional SRS symbols and legacy SRS symbols. For instance, the open-loop power control may use different target SINR based on a reported DL measurement and closed-loop power control parameters could be triggered by using DCI, e.g., similar as DCI format 3B for the carriers without PUCCH/PUSCH. Therefore, it is beneficial to support flexible power control of additional SRS symbols independent from legacy SRS symbols. But similar parameters of power control can be applied to additional and legacy SRS symbols, so as to reduce the power change with a subframe. 
Proposal 3: Support flexible power control (i.e., open loop/close loop parameters) for additional SRS symbols independent from legacy SRS symbols.
UE may have power change limitation within a subframe on RF side, e.g., max number of power change, power difference per subframe. In LTE, legacy UEs are required to support 3 power changes in a subframe, e.g., PUSCH with FH+SRS, or PUCCH+SRS. Some UEs may have hardware limitations in the number of power changes in a given subframe. eNB should take into account the UE capability to apply power control for the SRS subframe satisfying power change requirement. If the power change of legacy SRS and additional SRS symbols is out of UE capability, the UE may need to drop legacy and/or additional SRS symbols, which needs further discussion.
Proposal 4: Further consider power change limitation of legacy SRS and additional SRS symbols within a subframe.
Besides legacy SRS symbol, the usage of additional SRS symbols to enable fast sounding of all the channel dimensions, e.g., such as intra-subframe SRS antenna switching, subband hopping, may require different AGC levels on different SRS symbols, which may create the following problems:
1) Part of the SRS symbol may be lost due to the power change, due to the on/off time mask as defined in Figure 6.3.4.2.2-2 of TS 36.101 – thus affecting the link budget. The required transient period is specified in case of SRS frequency hopping or a power change between SRS symbols.
Observation 1: From RAN4 requirements, the transient period is the same for SRS frequency hopping, SRS antenna switching and power change between SRS symbols.
[image: ]
Figure 6.3.4.2.2-2: Dual SRS time mask for the case of UpPTS transmissions [2]
2) Phase continuity between different symbols may be broken – thus affecting the capacity of the eNB to coherently combine multiple SRS symbols.
3) Power changes within a subframe may be out of UE capability due to hardware limitation in the number of power changes (as agreed by RAN1 to introduce the related UE capability based on issue 2 discussed in [1]). 
In general, it is desirable to minimize as much as possible the number of power changes within a subframe – or make it depend on UE capability. 
Proposal 5: Limit the number of subband changes/antenna changes/power changes within a subframe. 
· FFS whether the number of subband changes/antenna changes/power changes within a subframe is based on UE capability. 

4. Configuration of Intra-subframe SRS repetition/FH/AS
The use of intra-subframe SRS repetitions (e.g., repeating transmission of an SRS symbol on same antenna and same subband) is used to increase the link budget. With limited SRS symbols, SRS repetitions on a subband instead of entire band can enable further coverage extension. Based on the simulation, the gain of the repetition number larger than 4 is getting saturated. Therefore, the repetition number of up to 4 is sufficient. 
Proposal 6: Support intra-subframe SRS repetition with configurable number of 1, 2, 3, or 4. 
As discussed in Sect. 3, having different subband/antenna switching/power control that creates power change may require transient time and result in dropping part of the SRS symbol. For example, as shown in Figure 3, there are 6 SRS symbols allocated to a UE, but a UE may only support up to 3 different subbands/antennas/power changes. Considering the transient time is much smaller than a symbol duration, it would be a waste of resources to always introduce 1-symbol gap between SRS symbols as in Figure 3(b). Instead, as shown in Figure 3(c), the SRS repetitions in same subband/antenna/power can be configured to reduce the number of power changes and suppress negative effects due to the required transient time.
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Figure 3 Impact of SRS switching/hopping/power changes
Proposal 7: Support intra-subframe SRS repetition together with SRS frequency hopping/antenna switching.
By using SRS repetitions, the number of subband/power/antenna changes is limited. But the multiplexing capacity of an SRS subframe may be reduced. For instance, to keep the same transmit power and bandwidth, the same SRS sequence spanning the subband of B PRBs may be repeated in N consecutive symbols. This repetition reduces the multiplexing capacity of SRS with respect to, for example, sounding B/N PRBs in N consecutive symbols with frequency hopping.
Observation 2: Pure SRS repetition reduces the SRS capacity with respect to more advanced techniques.
Some techniques, such as repetition with comb/comb offset for hopping and switching, can be considered to reduce the number of power changes while keeping multiplexing capability intact. We could use SRS larger comb over wider subband to speed up the sounding over entire system bandwidth by using less number of symbols with less frequent power changes, as shown in Figure 2(a). In this case, a comb offset for each SRS symbol on same subband/antenna is beneficial to improve channel estimation accuracy especially in channels with long delay spread. For example, for a baseline use case of comb=2, we can have repetitions with comb=4 and comb offset of 2, so that the eNB can coherently combine both SRS symbols and estimate a delay spread equivalent to that of a comb=2, while increasing the multiplexing capability by a factor of 2 with respect to pure repetition.
On the other hand, if intra-subframe repetition is configured, it may sacrifice capacity (and resources wasted). One option (Alt1 in Figure 2(b)) to increase capacity is by the use of orthogonal cover codes (OCC) over the repeated symbols (e.g. [+ +, + -] OCC over SRS repeated symbols). But if one of the symbols is lost (e.g. due to dropping/collision), it is impossible to demultiplex each UE’s SRS at eNB. If SRS symbol repetitions are enabled, we use SRS comb to multiplex more than one UE in the frequency domain, as illustrated as Alt2 in Figure 2(b), where the SRS symbol repetition is configured with comb offset in SRS symbols.
Therefore, the SRS repetition in same subband/antenna but different comb offset can be used to improve the channel estimation as well as to increase capacity (e.g. similar effect as OCC), with the advantage that if one of the SRS symbols is dropped, the other UE in the same “comb offset” group can be still recovered. 
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(a) SRS repetition on wider bandwidth
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(b) SRS repetition on same bandwidth
Figure 2 SRS repetition with/without comb/comb offset configuration
Observation 3: SRS repetition with comb offset has the following desired properties:
· Keep constant power/bandwidth across multiple symbols (thus no transient is needed)
· Improve multiplexing capacity
· Signal can be partially recovered even in case of one of the SRS symbols being dropped/interfered (unlike OCC).
In view of the advantages above, we make the following proposal.
Proposal 8: Support SRS repetition with flexible comb/comb offset configuration.
5. Periodic SRS in additional symbols
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. 
FFS on periodic SRS transmission for additional SRS symbol(s).

For more than one SRS symbol in UpPTS, we support both periodic and aperiodic SRS transmission. Similarly, more than one SRS symbol in normal uplink subframe should also support both. The SRS overhead can be controlled by changing the SRS periodicity. Compared with aperiodic SRS with similar SRS overhead, periodic SRS does not need DCI signalling.


Proposal 9: Support periodic SRS transmission in additional SRS symbols.
· Intra-subframe antenna switching/frequency hopping/repetition are supported for periodic SRS in additional symbols.
6. PUCCH/USCH and SRS collision
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 
The feature of additional SRS symbols is mainly used for DL throughput improvement. The TDD DL/UL configuration with more DL subframes than UL ones may be configured to transmit more DL packets. Besides SRS transmission, the limited UL resources have to be used to transmit UL data, UL control information (UCI) and PRACH. The UL data and UCI, especially in case of HARQ ACK/NACK for scheduled DL PDSCH, have fixed timeline requirement. 
Observation 4: Subframe-based SRS creates issues of collision between SRS and HARQ-ACK. 
Always using a whole subframe for SRS transmission may have negative impact on the other UL data. If UE-specific slot-based PUCCH/PUSCH is supported, the SRS additional symbols could be squeezed into a slot together with last symbol for legacy SRS, or in the beginning of the first slot if there are back to back two UL subframes and SRS is transmitted in a consecutive time period for legacy and additional SRS symbols. The remaining slot still can be used to PUSCH/PUCCH to transmit HARQ ACK and/or uplink data.
In case of intra-band/inter-band CA, it may result in huge resource utilization loss to avoid collision between SRS or PUCCH/PUSCH. Figure 4 shows some examples for the SRS and PUSCH collision in CA case.  The Case 1 is the collision of legacy SRS and PUSCH2 in CC2, where SRS may be dropped but legacy shortened PUSCH1 with 13 symbols can still be transmitted. Case 2 and Case 3 illustrate a subframe of SRS only and no shorted PUSCH with less than 13 symbols is allowed. We have multiple SRS symbols triggered by eNB but they will collide with PUSCH2 in CC2. Always dropping the SRS or PUSCH would definitely waste the whole subframe. In such case, we can avoid the collision by using a slot-level PUSCH/PUCCH in CC2 TDMed with SRS slot in CC1. In addition, a slot-level PUSCH in CC1 would further improve the spectrum utilization.
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Figure 4 SRS and PUSCH collision in CA case
Observation 5: Collision between legacy PUSCH and subframe-based SRS in different CCs results in spectrum utilization degradation.
Proposal 10: Further study UE-specific slot-level PUSCH/PUCCH in the same subframe of additional SRS symbols.
7. SRS sequence for additional symbols
Until Rel-15 LTE, a cell ID is used as an SRS sequence ID   to set group/sequence hopping , v) for ZC sequence root, varying subframe-by-subframe. The ZC sequence root of SRS sequence is defined as
 ,
where the sequence group number  and the base sequence number  within the base sequence group are a function of slot  and cell ID. 
When considering more than one SRS symbol in a UL normal subframe [1], repetitions of same SRS sequence are not good for interference randomization. The time-varying sequence for multiple SRS symbols could be enabled when virtual cell ID or cell ID is configured, for example, by changing the (u, v) for SRS ZC roots.

The sequence group number  in slot  can be defined as 
,
with the group hopping pattern   given by
,
where  is the index of the starting SRS symbol,  is the number of symbols per slot and  is the pseudo-random sequence defined by clause 7.2 of TS36.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each radio frame. When configured with cell ID, it can fall back to the legacy SRS sequence. For SRS collision, by using the proposed scheme, a cell ID or virtual cell ID with unequal  can have different  to reduce the inter-cell interference. 
Similarly, the base sequence number  within the base sequence group in slot  is defined as 
 
At the beginning of each radio frame,  is initialized with , where  could be 0 or  configured by higher layers. In this way, it is compatible with legacy SRS sequence if cell ID is configured.

Proposal 11: The time-varying SRS sequence for multiple SRS symbols in a UL normal subframe is defined by changing (u, v) for SRS ZC roots as
· , 
where the group hopping pattern  is given by
,
with  as the index of the starting SRS symbol, and  is initialized with  at the beginning of each radio frame.
·   
where   is initialized with  at the beginning of each radio frame, and  could be 0 or  configured by higher layers.

8. Summary
The proposals made in this contribution are summarized below.
For configuration of additional and legacy SRS symbols:
Proposal 1: Allow same DCI to simultaneously trigger additional SRS configuration and legacy SRS configuration in normal UL subframe.
Proposal 2: The SRS pattern of additional SRS symbols can be configured complementary to that of legacy SRS symbol if transmitted in same subframe.

For SRS power control/power change:
Proposal 3: Support flexible power control (i.e., open loop/close loop parameters) for additional SRS symbols independent from legacy SRS symbols.
Proposal 4: Further consider power change limitation of legacy SRS and additional SRS symbols within a subframe.
Observation 1: From RAN4 requirements, the transient period is the same for SRS frequency hopping, SRS antenna switching and power change between SRS symbols.
Proposal 5: Limit the number of subband changes/antenna changes/power changes within a subframe. 
· FFS whether the number of subband changes/antenna changes/power changes within a subframe is based on UE capability. 

For Configuration of Intra-subframe SRS repetition/FH/AS:
Proposal 6: Support intra-subframe SRS repetition with configurable number of 1, 2, 3, or 4. 
Proposal 7: Support intra-subframe SRS repetition together with SRS frequency hopping/antenna switching.
Observation 2: Pure SRS repetition reduces the SRS capacity with respect to more advanced techniques.
Observation 3: SRS repetition with comb offset has the following desired properties:
· Keep constant power/bandwidth across multiple symbols (thus no transient is needed)
· Improve multiplexing capacity
· Signal can be partially recovered even in case of one of the SRS symbols being dropped/interfered (unlike OCC).
Proposal 8: Support SRS repetition with flexible comb/comb offset configuration.

For P-SRS:
Proposal 9: Support periodic SRS transmission in additional SRS symbols.
· Intra-subframe antenna switching/frequency hopping/repetition are supported for periodic SRS in additional symbols.

For SRS and PUCCH/PUSCH collision:
Observation 4: Subframe-based SRS creates issues of collision between SRS and HARQ-ACK. 
Observation 5: Collision between legacy PUSCH and subframe-based SRS in different CCs results in spectrum utilization degradation.
Proposal 10: Further study UE-specific slot-level PUSCH/PUCCH in the same subframe of additional SRS symbols.
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For SRS sequence:
Proposal 11: The time-varying SRS sequence for multiple SRS symbols in a UL normal subframe is defined by changing (u, v) for SRS ZC roots as
· , 
where the group hopping pattern  is given by
,
with  as the index of the starting SRS symbol, and  is initialized with  at the beginning of each radio frame.
·   
where   is initialized with  at the beginning of each radio frame, and  could be 0 or  configured by higher layers.
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