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In 3GPP RAN1#99, RAN1 has completed most of the DL MIMO efficiency enhancements for LTE WI [1]. The agreements concerning the orders of repetition, frequency hopping and/or antenna switching are summarized as below [2][3][4]:

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 
The following working assumption is confirmed
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

Agreement 
The number of frequency hops, N_FH (integer value), is determined according to the following formula
· N=R*NAS*NFH+(NAS*GSAS-1)*GSAS+(NFH*GSFH-1)*GSFH
R is the repetition, N_AS is the number of antenna switchings, N_FH is the number of frequency hops, GS_AS is the guard symbol configuration for antenna switching which is 0 or 1, GS_FH is the guard symbol configuration for frequency hopping, N is the duration in terms of OFDM symbols for the additional SRS symbols
· It is up to network to make sure that N_FH is an integer
· Note: It is up to the editor how to capture this in the specifications

Per previous agreements, any combinations of antenna switching, frequency hopping and repetition can be configured within a subframe for additional SRS, and a guard period of one symbol can be configured independently for frequency hopping and for antenna switching. There are four possible combinations of guard symbol requirement for frequency hopping and antenna switching:
	
	Guard symbol for frequency hopping (GSFH)
	Guard symbol for antenna switching (GSAS)

	Case 0
	0
	0

	Case 1
	0
	1

	Case 2
	1
	0

	Case 3
	1
	1



The order for repetition, frequency hopping and antenna switching has not been agreed on for all of them. It is important that there is no ambiguity in the order of repetition, frequency hopping and antenna switching in additional SRS transmission for all the cases in the spec. In this contribution, we discuss the remaining issues for additional SRS, including the total duration of additional SRS including any guard symbols, and the order of repetition, frequency hopping and antenna switching.

Discussion
It has been agreed that when intra-subframe repetition, frequency hopping and/or antenna switching are configured simultaneously (case 3), repetition is performed before frequency hopping and/or antenna switching. Repetition should always be performed before frequency hopping and/or antenna switching since it never requires a guard symbol between repeated symbols. This simplifies the spec as well as UE implementation. 

Proposal 1: Repetition is always performed before any frequency hopping and/or antenna switching in all cases. 

It remains to clarify the order of frequency hopping and antenna switching in the different cases. It is important to minimize the total number of symbols occupied by additional SRS including any guard symbols to reduce the overhead. The order of frequency hopping and antenna switching should be arranged to reduce the total overhead. 
· For case 0 (GSFH=0, GSAS =0) no guard symbol is required for frequency hopping or antenna switching, and the total number of additional SRS symbols is  
			N=R*NAS*NFH
disregarding the order of frequency hopping and antenna switching.
· For case 3 (GSFH=1, GSAS =1), a guard symbol is required for both frequency hopping and antenna switching. The total number of additional SRS symbols is
N=R*NAS*NFH+( NAS*NFH-1)
disregarding the order of frequency hopping and antenna switching as well.

For both case 0 and case 3, the order of frequency hopping and antenna switching does not change the total overhead. However, it is still necessary to define the order of the two so UE and eNB have the same understanding of the SRS symbol transmission. It has already been agreed that for case 3, frequency hopping should be performed before antenna switching. To make the UE behavior more consistent, frequency hopping should be performed before antenna switching for case 0 as well.

· For case 1 (GSFH=0, GSAS =1), guard symbol is required for antenna switching but not for frequency hopping. To minimize the total overhead, frequency hopping should be performed before antenna hopping. The total number of symbols including guard symbol is
N=R*NAS*NFH+(NAS-1)

· For case 2 (GSFH=1, GSAS =0), guard symbol is required not for antenna switching but for frequency hopping. To minimize the total overhead, frequency hopping should be performed after antenna hopping. The total number of symbols including guard symbol is
N=R*NAS*NFH+(NFH-1)

From these analysis, it is clear that to reduce the total overhead for additional SRS, frequency hopping should be performed before antenna switching for cases 0,1, 3, and frequency hopping should be performed after antenna switching for case 2. As  a summary, we have the following proposal:

Proposal 2: In order to reduce the additional SRS overhead including any guard symbols, frequency hopping should be performed before antenna switching, except when guard symbol is required for frequency hopping but not antenna switching, in which case frequency hopping is performed after antenna switching. 

In RAN1#99 meeting, RAN1 has agreed that the number of symbols including guard symbol is given by
	N=R*NAS*NFH+(NAS*GSAS-1)*GSAS+(NFH*GSFH-1)*GSFH

from which the number of frequency hops can be derived. The above analysis has shown that this equation is correct for cases 0-2 but not for case 3. The following equation is correct for all cases (0-3) and should be adopted.
N=R*NAS*NFH +(NAS -1) * GSAS*( 1-GSFH)+ ( NFH -1) * GSFH*( 1-GSAS)+ ( NAS*NFH-1) * GSAS* GSFH

Proposal 3: Replace the agreed equation
	N=R*NAS*NFH+(NAS*GSAS-1)*GSAS+(NFH*GSFH-1)*GSFH
with 
N=R*NAS*NFH +(NAS -1) * GSAS*( 1-GSFH)+ ( NFH -1) * GSFH*( 1-GSAS)+ ( NAS*NFH-1) * GSAS* GSFH

In the case NFH is configured, eNB needs to make sure that the total duration N and the configured NFH are consistent through the new equation. 
If the subband bandwidth per hop is not configured, UE may derive it from  as 



for each subband except the last one, which consists of all the remaining PRBs. 

Proposal 4: If the subband bandwidth per hop is not configured, UE derives it from  as 

Conclusion
We have discussed the remaining issues of additional SRS including the order of repetition, frequency hopping and antenna switching in all cases, and the total length of additional SRS symbols and subband bandwidth. Our proposals are summarized as below:

Proposal 1: Repetition is always performed before any frequency hopping and/or antenna switching in all cases. 

Proposal 2: In order to reduce the additional SRS overhead including any guard symbols, frequency hopping should be performed before antenna switching, except when guard symbol is required for frequency hopping but not antenna switching, in which case frequency hopping is performed after antenna switching. 

Proposal 3: Replace the agreed equation
	N=R*NAS*NFH+(NAS*GSAS-1)*GSAS+(NFH*GSFH-1)*GSFH
with 
N=R*NAS*NFH +(NAS -1) * GSAS*( 1-GSFH)+ ( NFH -1) * GSFH*( 1-GSAS)+ ( NAS*NFH-1) * GSAS* GSFH

Proposal 4: If the subband bandwidth per hop is not configured, UE derives it from  as 


References
[bookmark: _Ref32298144]RP-181485
[bookmark: _Ref32298149]Chairman’s Notes RAN1#98
[bookmark: _Ref32298150]Chairman’s Notes RAN1#98bis
[bookmark: _Ref31932296]Chairman’s Notes RAN1#99

