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1. Introduction
In RAN1#82bis meeting, the following agreements and conclusions have been reached regarding SRS enhancements for EBF/FD-MIMO:
Agreement:

· A new RRC parameter is introduced for a Rel-13 UE to determine the length of additional UpPTS symbols.   

· The number of additional UpPTS symbols is indicated to the UE with the RRC parameter with two states – {2, 4}.

· Note: The number of total UpPTS SC-FDMA symbols does not exceed 6 in a special subframe 

· Note: The number of DwPTS symbols is the same as the number of DwPTS symbols in the legacy special subframe configuration in SIB1. 
· For trigger types 0 and 1, a new set of  RRC parameter values for additional UpPTS are separately configured from the legacy SRS configurations, where the parameters are the same as the ones used for legacy SRS.
Agreement: 

· Confirm the working assumption to increase number of combs to 4 with maximum number of CS=12 

· A new RRC signalling is introduced to enable RPF4

· The UE-specific parameter transmissionComb or transmissionComb-ap is extended to two bits to indicate 4 indexes of comb. 

· One additional signalling bit is added to indicate 12 cyclic shifts together with the existing 3 bits

· FFS how to specify the sequence index for RPF=4 

4 Tx antenna switching for SRS
· Send LS to RAN4 asking for their view on the feasibility of introducing 4 tx switching SRS transmission, including for example impact on insertion loss and receiver sensitivity 
· Discuss RAN4’s feedback early in RAN1#83. 
In this contribution, we discuss the remaining details on SRS enhancements for EBF/FD-MIMO in Rel-13 based on these conclusions.
2. Increasing the number of UpPTS symbols for SRS
Based on the agreement in last meeting, a new set of RRC parameter values for additional UpPTS symbols should be introduced, which are separately configured from legacy SRS configuration.   So the table 8.2-3 in spec TS 36.213 should be modified accordingly. There are two alternatives as shown in table 1 and table 2.
Table 1: 
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Table 2: 
[image: image4.wmf],13

SRSr

k

 for TDD(Alternative 2)
	
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	1st symbol of UpPTS
	2nd symbol of UpPTS
	3rd symbol of UpPTS
	4th symbol of UpPTS
	
	
	
	
	1st symbol of UpPTS
	2nd symbol of UpPTS
	3rd symbol of UpPTS
	4th symbol of UpPTS
	
	
	

	
[image: image5.wmf],13

SRSr

k

in case additional  UpPTS length of 2 symbols
	
	2
	3
	
	
	
	
	
	
	6
	7
	
	
	
	
	

	
[image: image6.wmf],13

SRSr

k

in case additional  UpPTS length of 4 symbols
	
	0
	1
	2
	3
	
	
	
	
	4
	5
	6
	7
	
	
	


The difference between two alternatives is the indexing of 2nd half radio frame.   The difference between two indexes for the k-th UpPTS symbol for subframes 1 and 6 in Alt1 remains unchanged as before i.e. 5.    Therefore, if alternative 1 is adopted, the original configuration of SRS periodicity and subframe offset in spec TS 36.213 can be reused for additional UpPTS symbols as the relationship between the symbols. 
For alternative 2, the difference between two indexes for the k-th UpPTS symbol for subframes 1 and 6 has been changed to 4.  Therefore, the configuration of SRS periodicity and subframe offset should be modified accordingly.   Additionally,  SRS transmission equations  should also be modified e.g. to 
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for TSRS=2. 
Another question is whether maximum number of SRS transmissions in UpPTS in a special subframe should be extended to 3 or 4 in UE perspective.  It increases the transmission opportunity especially for the cases of frequency hoping and 4Tx switching so that the full channel with the whole bandwidth can be obtained more quickly to lower the CSI delay.  One example of extending it to 3 and 4 symbols is shown in Table 3.  When the SRS periodicity less than 5, it actually does not mean the normal definition of "periodicity".  It actually means the number of SRS transmissions in 5ms.  This should be clarified in the spec.
Table 3: UE Specific SRS Periodicity 
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Proposal 1: A new table of ksrs,r13 as shown in Table1 is introduced for the additional UpPTS symbols
Proposal 2: Extend the maximum number of SRS transmissions in a special subframe to 4
Based on the current agreements, UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a SRS request in subframe n of serving cell c, the UE shall commence SRS transmission in the first subframe satisfying 
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. However, after increasing the symbol number of UpPTS symbols, it is ambiguous on which symbol in additional UpPTS or legacy UpPTS the UE should transmit A-SRS since only one shot is supported in current specification. 
There are some solutions to avoid this ambiguity, such as indicating one of the SRS regions (i.e. legacy UpPTS region or new UpPTS region) in UpPTS for aperiodic SRS by RRC signalling, or implicit signaling via SRS parameters. For simplicity, we propose that the predefined SRS region of UpPTS can be applied for A-SRS. To exploit the SRS resource more effectively, it can be tied with the parity of subframe index (n) in which detect the A-SRS request. 
Proposal 3: Whether the A-SRS transmission is in legacy UpPTS or new UpPTS symbols depending on the parity of subframe index (n) in which the A-SRS request is triggered.
3. Discussion on SRS sequence collision between comb 4 and comb 2
In current specification, the RS base sequences of length 36 or larger are generated by the following equation.
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SRS sequence collision between comb 4 and comb2 is mentioned in [1]. In this section, we compare the SRS sequence of comb 4 in cell 1 and comb 2 in cell 2, which having the same sequence length. 
For cell 1, the SRS sequence of comb 0 out of 4 combs can be expressed by equation (1)
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For cell 2, the even elements of SRS sequence of comb 0 out of 2 combs can be expressed by equation (2)
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When 
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, the equation (2) can also be expressed by following equation (3)
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Comparing equation (1) and equation (3), it will result in sequence collision if 
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 have the same value. However, different values are showed under any sequence length (length 36 or larger) and any cell ID by our simulation evaluation.  As a result, there is no sequence collision of SRS comb 4 and comb 2 between different cells. 
Observation: There is no sequence collision of SRS comb 4 and comb 2 between different cells. 
4. 4 Tx switching for SRS transmission
Support of 4Tx switching for SRS transmission is still an open issue pending on feedback from RAN4 on the feasibility of introducing 4 tx switching SRS transmission, including for example impact on insertion loss and receiver sensitivity.   Periodic SRS provides the scheme for the eNB to obtain the channel periodically without overhead on triggering.  Aperiodic SRS provides the scheme for the eNB to obtain the full channel more quickly and dynamically based on the need from the eNB.  Therefore, we have the following proposal. 

Proposal 4: If the feedback from RAN4 is positive, 4Tx switching should be supported for both periodic and aperiodic SRS.
Periodic SRS

We list the three alternatives in [2] for the 4Tx switching scheme.   It is proposed to introduce RRC signaling to switch among different 4Tx switching schemes according to channel condition and eNB design.  If RRC signaling is not possible, fixed switching scheme can be used and Alt1 in [2] seems to be preferable considering that the switching rule of Alt 1 for 4 Tx is more close to that for 2 Tx in the current spec.   The switching is done according to the following description.
When antenna selection is enabled and frequency hopping is disabled, the index 
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When antenna selection is enabled and frequency hopping is also enabled, the index 
[image: image26.wmf](

)

SRS

an

 of the UE antenna that transmits the SRS at time 
[image: image27.wmf]SRS

n

is given by

[image: image28.wmf](

)

//2mod4  when  is even  

()

mod4                                    

          when  is odd  

SRSSRSSRS

SRS

SRS

nnKnKK

an

nK

bg

ì

+×+×

êúêú

ï

ëûëû

=

í

ï

î


Where
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, and K is the number of SRS hopping bandwidth which can be assumed 1 when SRS hopping disabled.
Aperiodic SRS
A simplified way for supporting A-SRS for 4 Tx switching is to support multi-shot wideband A-SRS especially in UpPTS symbols for TDD system considering that the number of UpPTS symbols in a special subframe can be as many as 6 agreed in last meeting. 
One trigger can correspond to N A-SRS transmissions where N could be 2 or 3 or 4, and the UpPTS symbols of these N transmissions can be configurable by RRC.  4 Tx aperiodic SRS can be finished in 4 consecutive symbols e.g. in 4 consecutive UpPTS symbols with increasing of UpPTS symbols to 4 in TDD system, which will decrease the delay of obtaining the entire channel state information.    In some cases, one trigger can be done across two special subframes as shown in Figure 1.
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Fig. 1 A-SRS supported 4 Tx switch across two special subframs

Proposal 5: In order to improve channel measurement accuracy, A-SRS is supported for 4 Tx switching, and multi-shot wideband A-SRS in UpPTS symbols is introduced.
5. Conclusion
In this contribution, we discuss the remaining details on SRS enhancements for Rel-13. From the above discussion, we have the following observation and proposals:
Observation: There is no sequence collision of SRS comb 4 and comb 2 between different cells. 
Proposal 1: A new table of ksrs,r13 as shown in Table1 is introduced for the additional UpPTS symbols
Proposal 2: Extend the maximum number of SRS transmissions in a special subframe to 4
Proposal 3: Whether the A-SRS transmission is in legacy UpPTS or new UpPTS symbols depending on the parity of subframe index (n) in which the A-SRS request is triggered.
Proposal 4: If the feedback from RAN4 is positive, 4Tx switching should be supported for both periodic and aperiodic SRS.
Proposal 5: In order to improve channel measurement accuracy, A-SRS is supported for 4 Tx switching, and multi-shot wideband A-SRS in UpPTS symbols is introduced.
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