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Introduction
A new RAN1-led Working Item on DL MIMO efficiency enhancements for LTE was approved at RAN Plenary #80 [1]. In RAN1#94, the following agreements and working assumption were made on introduction of virtual cell ID for SRS:
The work for additional SRS symbols in this WI should consider the following scenarios
· TDD for non-CA
· TDD only CA
· FDD-TDD CA
RAN1 will strive for a common framework for all scenarios 
The time location of possible additional SRS symbols in one normal UL subframe for a cell include the following 
· Option 1: All symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Option 2: All symbols in one subframe can be used for SRS from cell perspective
· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Other options are not precluded
· FFS whether it has spec impacts or not for cell-specific configuration
· Companies are encouraged to study and evaluate considering 
· Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact
· UE complexity
· RF impact
· RAN1 will finalize on the performance metrics and evaluation methodology in RAN1#94bis
· System level parameters, evaluation methodology, and the need for system level evaluation can be discussed in the next RAN1 meeting
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· For link level evaluation, companies are encouraged to submit evaluations results based on following assumptions as a starting point, which is to be checked in next RAN1 meeting. 
	​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	20 MHz​ ( or 10MHz)

	Duplex​
	TDD, LTE Configuration 2 

	Subcarrier spacing​
	15 kHz​

	Polarization​
	eNB: X pole (+/-45° )​
UE: + pol (0/90°)​

	Macro eNB antenna array
	 with vertical spacing  and horizontal spacing 

	Macro eNB antenna element model​ (only applicable to CDL and other details FFS)
	Elevation beamwidth = 65º​

	
	Azimuth beamwidth = 65º​

	UE Speed​
	3km/h, 30km/h, 60km/h​

	UE antenna
	2 receive antennas
Isotropic (0 dBi) ​

	CP
	Normal CP



In this contribution, aspects of additional symbols for SRS are further discussed.
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Discussion 
SRS coverage enhancement with 2 or 4 additional symbols in UpPTS in special subframe is typically configured in in TDD system. With LTE SRS antenna switching with up to 4 Tx antennas requiring further SRS coverage and capacity enhancements, it may be necessary to also use additional SRS symbols in normal subframes.
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. This can allow almost 3 dB link gain (7 symbols instead of 2 or 4). A higher number of additional symbols for SRS will need to be justified by a link budget analysis. We have preference for option 1.
Proposal 1: Support Option 1: All symbols in one slot can be used for SRS from cell perspective
In case a small value of R can be used for additional SRS symbols, using last R symbols in a slot for SRS transmission allows eNB scheduler more flexibility to schedule sTTI configure PUCCH in first or second slots in a subframe. 

Proposal 2: For coverage, the last -R symbols in one slot are used for SRS from UE perspectives – FFS down select values of R from 0, 1, 2, 4, or 6 for normal cyclic prefix or 0, 1, 2, 4, or 5 for normal cyclic prefix. 
In the specifications, the SRS is not transmitted within the PRBs reserved for the (s)PUCCH located at the two edges of the channel bandwidth. In TDD, the SRS is used for the DL MIMO performance. There seems no need to transmit SRS across the entire Bandwidth, as the benefit for SRS coverage and capacity are not likely to be significant and may unnecessarily restrict PUCCH configuration, impact HARQ A/N feedback timing and Open Loop Link Adaptation. In case additional SRS symbols cannot be configured due to too many bad coverage UEs, fall back to sub-optimum beamforming using CQI feedback on (s)PUCCH if configured could be considered. 
Proposal 3: Additional SRS symbols are not transmitted within the PRBs reserved for the (s)PUCCH.
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. 
Capacity enhancements with OCC applied on top of SRS can be considered in case R=2 or 4. The case where SRS symbols are only partly received is unlikely. In poor coverage, similar channel condition may apply to all SRS symbols depending on channel coherence time and combining of SRS symbols can be done to increase link budget for power-limited UEs.
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Figure 1 Option for SRS comb for multiplexing UEs with SRS symbol repetitions

In Time Domain, repetition of SRS symbols can be done with same UE-specific configuration with SRS configuration index ISRS, SRS periodicity TSRS, and SRS subframe offset Toffset. 
Proposal 4: Repeat SRS symbols with same cell-specific bandwidth configuration on SIB2 and same UE-specific Frequency-Domain and Time-Domain SRS configuration is baseline.
In the specifications, the PUSCH is not transmitted in the last symbol in a subframe if used for SRS. Rate matching in PUSCH is used to puncture PUSCH in the subframes where SRS is scheduled. The UE knows the set of subframes used for SRS transmissions from system information. We have preference to use the same approach for additional SRS symbols. In case UCI needs to be transmitted (i.e. DL packet A/N, CSI), it can be studied if scheduling restriction of shortened PUSCH due to rate matching in subframes with SRS will be needed.
Proposal 5: Scheduling restriction of shortened PUSCH carrying UCI  due to rate matching in subframes with SRS is FFS

Conclusion
In this contribution, we discussed design aspects for additional SRS symbols for SRS capacity and coverage enhancements. We made the following proposal and observation.
Proposal 1: Support Option 1: All symbols in one slot can be used for SRS from cell perspective

Proposal 2: For coverage, the  last -R symbols in one slot are used for SRS from UE perspectives – FFS down select values of R from 0, 1, 2, 4, or 6 for normal cyclic prefix or 0, 1, 2, 4, or 5 for normal cyclic prefix. 
Proposal 3: Additional SRS symbols are not transmitted within the PRBs reserved for the (s)PUCCH.
Proposal 4: Repeat SRS symbols with same cell-specific bandwidth configuration on SIB2 and same UE-specific Frequency-Domain and Time-Domain SRS configuration is baseline.
Proposal 5: Scheduling restriction of shortened PUSCH carrying UCI  due to rate matching in subframes with SRS is FFS
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