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This contribution discussed the aspects related to additional SRS symbols for LTE MIMO enhancements that are for further study following agreements made in RAN1#94bis and RAN1#95. 
· Time location of possible additional SRS symbols in one normal UL subframe  
· Transmission of additional SRS within one UL subframe. 
· Triggering mechanisms for legacy SRS symbol and additional SRS symbols in same subframes
· Intra-subframe antenna switching with frequency hopping

2	Discussion
Time location of possible additional SRS symbols in one normal UL subframe for a cell 
RAN1#94bis agreed on down-selection of options for time location of possible additional SRS symbols in one normal UL subframe for a cell:
· Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
· Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
It is for further study whether cell-specific configuration of SRS resources in slot-level granularity is required or not.
HARQ is synchronous on the Uplink. In option 2, all symbols in a subframe can be configured to be used for additional SRS symbols and legacy symbol from cell perspective. This way requires SRS transmission to be dropped in a subframe that also contains an UL HARQ A/N feedback of a PDSCH sent in a previous subframe for a given UE. 
· DL user scheduler restriction where the eNB does not schedule PDSCH if it leads to a collision between UL HARQ A/N and additional SRS. 
· Aperiodic legacy SRS or periodic legacy SRS can be used instead of additional SRS symbols
· Aperiodic SRS can be triggered in an UL subframe configured for additional SRS symbols 
Legacy SRS periodicity can be configured be any value in [2 ms, 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, 160 ms, 320 ms] depending on SRS configuration index ISRS. To reduce power control complexity, it is preferable to avoid case where PUCCH/PUSCH multiplexes with additional SRS symbols. Additional SRS symbols shall have similar power levels as legacy SRS symbol to minimize the dynamic range of RF front end. It is reasonable to drop occasionally SRS transmission if it collides with an UL HARQ A/N feedback. In case aperiodic additional SRS symbols are used, the eNB can trigger via DCI transmission of additional SRS symbols in subframes not used for the UL HARQ A/N. 
Observation 1: In case all symbols in one subframe can be used for SRS from cell perspective (Option 2), it is reasonable to drop occasionally SRS transmission if it collides with an UL HARQ A/N feedback.
In option 1, all symbols in only one slot of one subframe can be used for SRS from cell perspective. If one slot in the subframe is used for additional SRS symbols, we also have the colliding issue with UL HARQ A/N. Enhancements on PUCCH and PUSCH solutions could be considered – i.e. 
· Rate matching of PUSCH, due to introduction of additional SRS symbols
· HARQ A/N on one slot PUCCH in slot not used by additional SRS symbols in the subframe
Enhancements on PUCCH and PUSCH are not in scope of Working Item objectives [1]. Further, it would require the introduction of a UE capability for slot-sPUSCH – i.e. reusing the Rel-15 slot-sPUSCH to avoid the collision between PUSCH and additional SRS symbols. 
Observation 2: In case all symbols in only one slot of one subframe can be used for SRS from cell perspective (option 1), it would require the introduction of a UE capability for slot-sPUSCH to avoid the collision between PUSCH and additional SRS symbols.
 We have preference for option 2. 
Proposal 1: All symbols in one subframe can be used for SRS from cell perspective (Option 2).

Transmission of additional SRS within one UL subframe
It is for further study the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE. The eNB can configure additional SRS symbol in one subframe with common RRC signaling. In Frequency Domain, repetition of SRS symbols can be done with same SRS configuration parameters as illustrated in Figure 1 for R=2 – i.e. cell-specific SRS bandwidth configuration indicated on SIB2, UE-specific SRS configuration (resource block set, frequency hopping, FD starting position, FD transmission comb/ comb offset, cyclic shift, antenna port). Impact on specifications is low. 
Since SRS coverage enhancement with 2 or 4 additional symbols for SRS in UpPTS in special subframe has been used in LTE specifications, it seems reasonable to limit additional symbols for SRS to one slot in normal subframe. For coverage, it seems reasonable enhancement if the cell-edge UE can be configured to transmit up to 6 additional SRS symbols. 
Proposal 2: The UE can be allocated a maximum of 6 SRS symbols within one subframe 

Triggering mechanisms for legacy SRS symbol and additional SRS symbols in same subframes: 
It was clarified in RAN1#95 that the last symbol is not part of the additional SRS symbols. Both legacy SRS and additional SRS symbol(s) can be configured for the same UE. Aperiodic SRS transmission for additional SRS symbol(s) is supported. 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.  The triggering mechanisms to transmit aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes are for further study.
For coverage limited UEs, up to 6 additional symbol can be used to improve SRS reception at the eNB by about SNR gain of 7.78 dB. Using the legacy SRS symbol will provide a further SNR gain of 0.67 dB. Assuming cell edge UEs can use 2 or 4 additional symbols and further assuming eNB configure additional SRS symbols properly, aperiodic trigger can ensure there is no bottleneck for cell-edge UE aperiodic SRS transmissions.  For UEs experiencing normal or good coverage conditions, either legacy SRS symbols or a single additional SRS symbols may be used for aperiodic SRS transmission.   
Observation 3: There is no significant benefit for UE to transmit aperiodic legacy SRS symbol and aperiodic additional SRS at the same time.
In case legacy SRS symbol is periodic, the aperiodic SRS symbols do not need to be transmitted for normal or good coverage conditions. Further, it seems wasteful to configure aperiodic additional SRS symbols for cell-edge UEs and periodical legacy SRS symbols.  
Proposal 3: In case legacy SRS is aperiodic, UE cannot transmit legacy SRS and additional SRS symbol(s) in the same subframes.
Assuming independent DCI triggers, one bit in a re-interpreted field in DCI format 0 can indicate if SRS request is for legacy SRS symbol or additional SRS symbols. It is preferable for implementation if aperiodic legacy SRS and aperiodic additional SRS symbols can be treated as two states to avoid significant impact on HW real time processing. At one period time, UE can exist in one state only. The legacy aperiodic SRS symbol and aperiodic additions SRS symbols as two individual processes.
Proposal 4: one bit in a re-interpreted field in DCI format 0 can indicate if SRS request is for legacy SRS symbol or additional SRS symbols – It is FFS which re-interpreted field in DCI format 0.


Intra-subframe antenna switching with frequency hopping
It was agreed in RAN1#95 that both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols, and for further study whether also supported for periodic SRS in additional SRS symbols
Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols. It is for further study whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured for aperiodic SRS in additional SRS symbols, and also for further study whether it can be concurrently configured for periodic SRS in additional SRS symbols. 
Intra-subframe antenna switching and intra-subframe frequency hopping/repetition for additional SRS symbols provide diversity in spatial or frequency domain respectively. In a heavily load system cell and assuming typical frequency re-use 1, intra-subframe antenna switching is preferred as use of frequency hopping / repetition is likely to provide marginal gains. In a lightly-loaded system cell, intra-subframe antenna switching or frequency hopping/repetition could be used. There seems no need for eNB concurrently configure intra-subframe antenna switching or frequency hopping/repetition for aperiodic SRS in additional SRS symbols. It can be left to the eNB to configure one the other.
Proposal 5: Concurrent configuration of Intra-subframe antenna switching and intra-subframe frequency hopping/repetition for aperiodic SRS in additional SRS symbols is not supported.
We have preference that only legacy SRS symbol can be periodical. Periodical additional SRS symbols are not preferred as is likely to be wasteful of resources. It is preferred to only use aperiodical additional SRS symbols in case of cell-edge coverage UEs or high system load leading to a SRS capacity bottleneck. 
Proposal 6: Intra-subframe frequency hopping and repetition are not supported for periodical additional SRS symbols.

3	Conclusion
In this paper, we discuss aspects of related to additional SRS symbols for LTE MIMO enhancements that are for further study following agreements made in RAN1#94bis and RAN1#95. 
· Time location of possible additional SRS symbols in one normal UL subframe  
· Transmission of additional SRS within one UL subframe. 
· Triggering mechanisms for legacy SRS symbol and additional SRS symbols in same subframes
· Intra-subframe antenna switching with frequency hopping: 

We made the following observations and proposals:
Observation 1: In case all symbols in one subframe can be used for SRS from cell perspective (Option 2), it is reasonable to drop occasionally SRS transmission if it collides with an UL HARQ A/N feedback.
Observation 2: In case all symbols in only one slot of one subframe can be used for SRS from cell perspective (option 1), it would require the introduction of a UE capability for slot-sPUSCH to avoid the collision between PUSCH and additional SRS symbols.
Proposal 1: All symbols in one subframe can be used for SRS from cell perspective (Option 2).
Proposal 2: The UE can be allocated a maximum of 6 SRS symbols within one subframe 
Observation 3: There is no significant benefit for UE to transmit aperiodic legacy SRS symbol and aperiodic additional SRS at the same time.
Proposal 3: In case legacy SRS is aperiodic, UE cannot transmit legacy SRS and additional SRS symbol(s) in the same subframes.
Proposal 4: one bit in a re-interpreted field in DCI format 0 can indicate if SRS request is for legacy SRS symbol or additional SRS symbols – It is FFS which re-interpreted field in DCI format 0.
Proposal 5: Concurrent configuration of Intra-subframe antenna switching and intra-subframe frequency hopping/repetition for aperiodic SRS in additional SRS symbols is not supported.
[bookmark: _GoBack]Proposal 6: Intra-subframe frequency hopping and repetition are not supported for periodical additional SRS symbols.
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