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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Plenary #80, the DL MIMO efficiency enhancements for LTE WI is approved [1]. RAN1 mainly focuses on the following areas:
	· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· [bookmark: OLE_LINK1]Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 



The following agreements were achieved at RAN1#94bis[3]:
Agreement
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Aperiodic SRS transmission for additional SRS symbol(s) is supported. 
· FFS on periodic SRS transmission for additional SRS symbol(s).

The following agreements were achieved at RAN1#95[4]:
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
Agreement
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

The following agreements were achieved at RAN1#96[5]
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
· Same power control configuration applies for all additional SRS symbols configured to a single UE
Agreement
· Transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE is supported

The following agreements were achieved at RAN1#96bis[6]:
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



[bookmark: MTBlankEqn]At least for the support of SRS repetition , where  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
· [bookmark: _Hlk5780008]{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
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]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).

The following agreements were achieved at RAN1#97[7]:
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. 
[bookmark: OLE_LINK10]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 
At least for the case where there no legacy SRS transmission on the subframe, at least independent open loop power control of additional SRS symbols from legacy SRS symbols is supported.
· Further study the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe.
· FFS: independent closed loop
Agreement
For the sequence generation of additional SRS symbols:





where l is the absolute symbol index within the slot  and Nsymb is the number of OFDM symbols per slot.
· FFS: c_init

The following agreements were achieved at RAN1#98[8]:
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. 
Conclusion 
No consensus on the support of periodic SRS transmission in additional symbols for Rel-16.
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 
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 

The initialization seeds cinit for (u,v) same as specified in LTE Release 15 with one modification can be virtual cell ID.
Agreement 

If the gap symbol is configured, it is not counted towards the number of configured SRS symbols 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 
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 

The following agreements were achieved at RAN1#98bis[9]:
Agreement
If intra-subframe repetition, frequency hopping and/or antenna switching are configured simultaneously, repetition is performed before frequency hopping and/or antenna switching.
Agreement
For the setting of transmit power of additional SRS:


Agreement
For DCI format of TPC for additional SRS, at least DCI formats 3/3A/3B is supported
· For 3/3A, the TPC index for the additional SRS is configured by higher layer signalling
· For 3B, the RRC parameter for the starting position of the additional SRS is configured by higher layer signalling
· FFS: UL grants, DL grants
Agreement
For configuration of additional SRS: 
· Start position and number of symbols for additional SRS includes guard symbols if configured
Agreement
For the handling of collision of SRS and PUCCH/PUSCH/PRACH transmission for UEs not supporting sPUSCH/sPUCCH 
· UE is not expected to be triggered with SRS and PUCCH/PUSCH/PRACH on colliding subframes.
Agreement
The existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.

In this contribution, we provide our views of the additional symbols for SRS with more than one symbol in a normal subframe.
Discussion
PUSCH/PUCCH rate matching
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In Rel-15, the UE always perform rate matching for the legacy SRS even if it is not transmitted to avoid the inter-UE interference between PUSCH/PUCCH and SRS transmitted from different UEs. It was agreed that aperiodic additional SRS can be triggered to be transmitted in any additional SRS symbols in the normal subframe which contains legacy SRS symbol. In order to avoid the strong interference between SRS and PUSCH/PUCCH, a UE is not expect to be scheduled PUSCH or configured PUCCH transmission in the subframe configured with potential additional SRS transmission regardless of whether additional SRS is triggered or not if we assume that the eNB can configure this subframe for additional SRS transmission of multiple UEs.
Proposal 1: A UE is not expect to be scheduled PUSCH or configured PUCCH transmission in the subframe configured with additional SRS symbols regardless of whether additional SRS is triggered or not.
For the UE supporting sPUSCH/sPUCCH, when the eNB can configure the second slot for SRS transmission of multiple UEs, sPUSCH can scheduled to be transmitted in the first slot of the SRS subframe. So we have the following proposal:
Proposal 2: A UE is not expected to be scheduled/triggered to transmit sPUSCH/sPUCCH and additional SRS in the same symbols in a slot if the UE supporting sPUSCH/sPUCCH.

Guard period for frequency hopping and/or antenna switching
The following working assumption was achieved in RAN1#97 as
	Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.


It has been agreed that repetition should be performed before antenna switching if repetition and antenna switching are concurrently configured. The remaining issue is how to handle the case when intra-subframe frequency hopping and intra-subframe antenna switching are concurrently configured.
In RAN1#98 meeting, it was agreed that guard period can be configured for frequency hopping and antenna switching according to UE capability reporting. For the UE only require guard period for antenna switching, frequency hopping should be performed before antenna switching for overhead reduction when frequency hopping and antenna switching are concurrently configured. For the UE require guard period for both antenna switching and frequency hopping, antenna switching can be performed before frequency hopping. However, considering that a unified configuration method is preferred, we propose that frequency hopping should be performed before antenna switching when frequency hopping and antenna switching are concurrently configured regardless of whether guard period is required for one of or both of them. So we propose to confirm the working assumption with the following update:
Proposal 3: Confirm the working assumption with the following update(RED):
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching regardless of whether guard period is required for one of or both of them.

Conclusion
Proposal 1: A UE is not expect to be scheduled PUSCH or configured PUCCH transmission in the subframe configured with additional SRS symbols regardless of whether additional SRS is triggered or not.
Proposal 2: A UE is not expected to be scheduled/triggered to transmit sPUSCH/sPUCCH and additional SRS in the same symbols in a slot if the UE supporting sPUSCH/sPUCCH.
Proposal 3: Confirm the working assumption with the following update(RED):
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching regardless of whether guard period is required for one of or both of them.
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