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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This documents provides the proposals and summary of discussions of the following second phase email discussion for identified issues of LTE DL MIMO efficiency enhancements [10].
[100e-LTE_DL_MIMO_EE-AddSRS-01] Email discussion/approval on a TP capturing, correction and clarification of transmission pattern for additional SRS by 2/27 – Yubo (Huawei)
Document update and revision
For easier tracking and efficient email discussion, please follow the steps below to update and revise this document:
· Input the comments in the table.
· Increase the version number of the document by 1.
· Input the revision history into the following table
· Upload to inbox/draft/6.2.3.1.1.
	Version
	Revision

	1
	The initial document by FL.

	2
	Views from Intel were added

	3
	Qualcomm input

	4
	Lenovo/Motorola input

	5
	LGE input

	6
	Ericsson input

	7
	Nokia/Nokia Shanghai Bell input

	8
	Huawei, HiSilicon input

	9
	FL’s input

	10
	FL’s update

	11
	FL’s further update.



Discussion
1.1 Transmission pattern
[bookmark: _Ref32853996]Issue 1: Capturing of the number of antenna switching.
· As explained in [2], the following agreement is not correctly captured, especially for additional SRS without frequency hopping.
Agreement #1
The number of antenna switching is:
•	2 for 1T2R is configured or the number of pairs is configured as 2 for 2T4R
•	3 if the number of pairs is configured as 3 for 2T4R 
•	4 for 1T4R
Therefore, we have the following proposal:
Proposal 1: endorse the following text proposal
	Text proposal to 36.213
<Unchanged parts are omitted>
For trigger type 2 SRS transmission, when closed-loop or open-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports antenna selection, or for UE that can be configured with ue-TxAntennaSelection-SRS-1T4R-Config or ue-TxAntennaSelection-SRS-2T4R-NrOfPairs, the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled, where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3]. The UE is not expected to be configured with  and
-	when higher layer parameter ‘ue-TXAntennaSelection-SRS-1T4R-Config’ is configured for a given serving cell, the number of antenna switches  = 4, and the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
-	when higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairsue-TXAntennaSelection-SRS-2T4R-Config’ is configured for a given serving cell for a UE configured with  UE antenna pairs, where  is given by higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairsue-TXAntennaSelection-SRS-2T4R-Config’, the number of antenna switches  = 3, and the index for the UE antenna pair that transmits the SRS at time  is  when  =2, or  when  =3 that transmits the SRS at time , where  is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
-	otherwise, the number of antenna switches  = 2, and the index [image: ] of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
Where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3].
<Unchanged parts are omitted>



	Company
	Comments

	Intel
	Agree with TP. 

	Qualcomm
	1. We are ok with deleting the ‘mod’ operation and further simply the spec.
2. In case of SRS 2T4R, =3 is not correct. It should be .
3. We think  should be in the range of ]. The adding of ‘UE is not expected to be configured with ’ with  in Proposal 1 is not correct. It should be ‘UE is not expected to be configured with ’.
Therefore, we propose the following TP:
“For trigger type 2 SRS transmission, when closed-loop or open-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports antenna selection, or for UE that can be configured with ue-TxAntennaSelection-SRS-1T4R-Config or ue-TxAntennaSelection-SRS-2T4R-NrOfPairs, the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled, where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3]. The UE is not expected to be configured with  and  is defined as:
-	when higher layer parameter ‘ue-TXAntennaSelection-SRS-1T4R-Config’ is configured for a given serving cell, the number of antenna switches  = 4, and the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled. 
-	when higher layer parameter ‘ue-TXAntennaSelection-SRS-2T4R-Config’ is configured for a given serving cell for a UE configured with  UE antenna pairs, where  is given by higher layer parameter ‘ue-TXAntennaSelection-SRS-2T4R-Config’, the number of antenna switches  = 3, and the index for the UE antenna pair is  when  =2, or  when  =3 that transmits the SRS at time , where  is given by  when frequency hopping is disabled, and  when frequency hopping is enabled. 
-	otherwise, the number of antenna switches  = 2, and the index [image: ] of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled. 
Where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3].”

	LGE
	Since  is increased by  (where  is the index of the OFDM symbol number carrying additional SRS within the subframe not counting guard symbol(s) and started from 0 in each subframe), we are OK with Qualcomm’s TP.

	Ericsson
	We are ok with the modified TP in Qualcomm’s response above.

	Nokia, Nokia Shanghai Bell
	We agree with the modifications proposed by Qualcomm.

	Huawei, HiSilicon
	We are OK with the further change from Qualcomm.

	FL’s proposal
	Endorse the text proposal in proposal 1.




[bookmark: _Ref32881605]Issue 3: guard symbol for antenna switching.
· As explained in [5], guard symbol for antenna switching is not captured in spec.
· As explained in [7], it needs to clarified that the UE is not expected to send any uplink signal in guard symbol.
Therefore, the following is proposed:
Proposal 2: endorse the following text proposal.
	Text proposal to 36.211

---- Unchanged parts are omitted ----
5.5.3.2.2	Mapping to physical resources for additional SRS
An additional SRS spans one or more OFDM symbols in the time domain, where
-	the starting OFDM symbol  within the subframe is given by the higher-layer parameter additionalSRS-startPos;
-	the duration  in number of OFDM symbols, including potential guard symbols, is given by the higher-layer parameter additionalSRS-duration;
Mapping to physical resources shall be done according to clause 5.5.3.2.1 with the following exceptions:
-	frequency hopping between OFDM symbols is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolFH, a guard symbol is added between every frequency hop;
-	antenna switching within a subframe is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolAS, a guard symbol is added between every antenna switching;
-	 where  is the index of the OFDM symbol number carrying additional SRS within the subframe not counting guard symbol(s), and  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum;
-	 is given by the higher-layer parameter additionalSRS-Bandwidth;
-	 is given by the higher-layer parameter additionalSRS-HoppingBandwidth;
-	 is the number of frequency hops for additional SRS, derived from  if antenna switching is not configured for additional SRS, and from  if antenna switching is configured for additional SRS, where  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum,  is the number of antenna switches for additional SRS defined in 8.2 of [4],  is the guard-symbol configuration for antenna switching given by the higher-layer parameter additionalSRS-GuardSymbolAS,  is the guard symbol configuration for frequency hopping given by the higher-layer parameter additionalSRS-GuardSymbolFH, and  is given by the higher-layer parameter additionalSRS-duration;
---- Unchanged parts are omitted ----




	Company
	Comments

	Intel
	Agree with TP. 

	Qualcomm
	Agree

	Lenovo, Motorola Mobility
	Agree with the TP.

	LGE
	OK

	Ericsson
	Ok with TP

	Nokia, Nokia Shanghai Bell
	Ok

	Huawei, HiSilicon
	We are OK with the text proposal.

	FL’s proposal
	Endorse the text proposal in proposal 2.




[bookmark: _Ref32883192]Issue 4: Error in the equation to derive the number of frequency hopping.
· As explained in [4], the current equation doesn’t work for the case that guard symbols for both frequency hopping and antenna switching are configured, then the following is proposed:

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
· As explained in [6],  should be “derived from ”, where  is used to correctly count the total number of frequency hops on every antenna/antenna pair if   is configured.
· As explained in [7], there is an error in current equation as the number of frequency hopping for every antenna/antenna pair should all be counted, then it is proposed to be changed as .
Therefore, we have the following proposal:
Proposal 3: The equation to derive N_FH is  , and endorse the following text proposal.
	Text proposal to 36.211

5.5.3.2.2	Mapping to physical resources for additional SRS
An additional SRS spans one or more OFDM symbols in the time domain, where
-	…
-	 is the number of frequency hops with the same antenna/antenna pair for additional SRS, derived from  if antenna switching is not configured for additional SRS, and from  if antenna switching is configured for additional SRS, where  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum,  is the number of antenna switches for additional SRS defined in 8.2 of [4],  is the guard-symbol configuration for antenna switching given by the higher-layer parameter additionalSRS-GuardSymbolAS,  is the guard symbol configuration for frequency hopping given by the higher-layer parameter additionalSRS-GuardSymbolFH, and  is given by the higher-layer parameter additionalSRS-duration;



	Company
	Comments

	Intel
	We agree with TP except for case of and According to our understanding the proposed equation may not be accurate given that there is frequency hopping involved after antenna switching (see R1-2000717) and the guard symbol shall be allocated according to section 5.5.3.2.2 (even when antenna switching doesn’t require it) 
[image: ]		[image: ]
(a) Proposed equation				(b) Required allocation 
Frequency hopping with guard symbol  and antenna switching without guard symbol 

	Qualcomm
	1. As addressed by R1-2000710, we need to clarify ‘ is the number of frequency hops with a same antenna/antenna pair for additional SRS’ in the TP, since  is used to count the total number of symbols for SRS FH+AS except guard symbols.
2. Both Opt1 and Opt2 may not be correct when  and  The assumption of Opt 1 is different from RAN1 agreement that FH is always before AS when  and . Based on Opt2 assuming FH before AS, we have two alternatives as discussed in R1-2000710:
- Alt1: reuse legacy FH pattern but revise Opt2 
Using legacy FH pattern,  with range of [0,…,] is used to calculate the subbands for all antennas/antenna pairs, we need to add additional guard symbol due to subband change when AS even when  and . The equation of Opt2 is revised as

- Alt2: use Opt2 but limit the FH pattern when FH+AS
 with range of [0,…,] is used to calculate the subbands for first antenna/antenna pair only. If using same subbands with subband index order reversed when switching antenna/antenna pair, we do NOT need to add additional guard symbol since no subband change when AS when  and . The equation of Opt2 can work well.
[image: ] 
RAN1 needs to select Alt1 or Alt2 to solve the problem.

	Lenovo, Motorola Mobility
	The following table shows the total number of symbols requried by the two alternatives under different combinations of guard symbols requirements (GFH, GAS) when both frequency hopping and antenna switching are configured. 
Total number of symbols required
	
	Alt 1
	Alt 2

	(GFH=0, GAS=0)
	RNASNFH
	RNASNFH

	(GFH=0, GAS=1)
	RNASNFH +NAS-1
	RNASNFH +NAS-1

	(GFH=1, GAS=0)
	RNASNFH +NFH-1
	RNASNFH + (NFH-1) NAS

	(GFH=1, GAS=1)
	RNASNFH +NASNFH -1
	RNASNFH +NASNFH -1



In the case of (GFH=1, GAS=1), the number of guard symbols required by Alt 2 is NAS times more than Alt 1. In the other cases, Alt1 and Alt2 have the same overhead. In order to reduce the guard symbol overhead, Alt 1 should be adopted.  

	LGE
	We can agree there is a problem for the TP in case of and . The simplest way to fix it is just adding  to the equation of Opt2, except for the case when antenna switching is not configured within a subframe.

	Nokia, Nokia Shanghai Bell
	We think that both opt1 and opt2 are not correct in all the cases. Based on quick check, adding  to the equation of Opt2 seems to fix the problem.

	Huawei, HiSilicon
	We agree the intention of alt2 to correct the equation by following the agreements on transmission patterns. However, as the guard symbol for frequency hopping between different antennas/antenna pairs is not counted when , the alt 2 should be changed as: .


	FL’s proposal
	The equation to derive N_FH is

And endorse the text proposal in proposal 3.




[bookmark: _Ref32883885]Issue 7: Clarification for frequency hopping for aperiodic SRS.
· As explained in [7], frequency hopping should also be supported for aperiodic additional SRS symbols.
Therefore, the following is proposed:
Proposal 4: endorse the following text proposal
	Text proposal to 36.211








The frequency hopping of the sounding reference signal is configured by the parameter , provided by higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission, except for additional SRS. If frequency hopping of the sounding reference signal is not enabled (i.e., ), the frequency position index  remains constant (unless re-configured) and is defined by  where the parameter  is given by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e., ), the frequency position indexes  are defined by …



	Company
	Comments

	Intel
	Agree with TP

	Qualcomm
	May not need it, since 5.5.3.2.1 is for Mapping to physical resource for basic SRS and 5.5.3.2.2 is for Mapping to physical resource for additional SRS, where it has been clarified that FH is supported for additional SRS.
“Mapping to physical resources shall be done according to clause 5.5.3.2.1 with the following exceptions:
-	frequency hopping between OFDM symbols is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolFH, a guard symbol is added between every frequency hop;”

	Lenovo, Motorola Mobility
	Agree in principle. Because additional SRS is called SRS of trigger type 2 in TS36.213, the name “SRS of trigger type 2” should be used.

	LGE
	OK with TP

	Ericsson
	Ok with TP with ‘additional SRS’ replaced by ‘SRS trigger type 2’.

	Nokia, Nokia Shanghai Bell
	Ok with the TP.

	Huawei, HiSilicon
	We are OK with the TP. 

	FL’s proposal:
	For the term “additional SRS” and “SRS trigger type 2”, as the alignment between specs can be handled by editors later and currently additional SRS is still used in 211, it may be more convenient to use additional SRS still in the text proposal. Therefore, the following is proposed:
Endorse the text proposal in proposal 4.



Summary
The FL’s proposals are as following:
Proposal 1: endorse the following text proposal
	Text proposal to 36.213
<Unchanged parts are omitted>
For trigger type 2 SRS transmission, when closed-loop or open-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports antenna selection, or for UE that can be configured with ue-TxAntennaSelection-SRS-1T4R-Config or ue-TxAntennaSelection-SRS-2T4R-NrOfPairs, the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled, where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3]. The UE is not expected to be configured with  and
-	when higher layer parameter ‘ue-TXAntennaSelection-SRS-1T4R-Config’ is configured for a given serving cell, the number of antenna switches  = 4, and the index  of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
-	when higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairsue-TXAntennaSelection-SRS-2T4R-Config’ is configured for a given serving cell for a UE configured with  UE antenna pairs, where  is given by higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairsue-TXAntennaSelection-SRS-2T4R-Config’, the number of antenna switches  = 3, and the index for the UE antenna pair that transmits the SRS at time  is  when  =2, or  when  =3 that transmits the SRS at time , where  is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
-	otherwise, the number of antenna switches  = 2, and the index [image: ] of the UE antenna that transmits the SRS at time nSRS is given by  when frequency hopping is disabled, and  when frequency hopping is enabled.
Where  is the number of frequency hops defined in Subclause 5.5.3.2.2 of [3].
<Unchanged parts are omitted>



Proposal 2: endorse the following text proposal.
	Text proposal to 36.211

---- Unchanged parts are omitted ----
5.5.3.2.2	Mapping to physical resources for additional SRS
An additional SRS spans one or more OFDM symbols in the time domain, where
-	the starting OFDM symbol  within the subframe is given by the higher-layer parameter additionalSRS-startPos;
-	the duration  in number of OFDM symbols, including potential guard symbols, is given by the higher-layer parameter additionalSRS-duration;
Mapping to physical resources shall be done according to clause 5.5.3.2.1 with the following exceptions:
-	frequency hopping between OFDM symbols is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolFH, a guard symbol is added between every frequency hop;
-	antenna switching within a subframe is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolAS, a guard symbol is added between every antenna switching;
-	 where  is the index of the OFDM symbol number carrying additional SRS within the subframe not counting guard symbol(s), and  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum;
-	 is given by the higher-layer parameter additionalSRS-Bandwidth;
-	 is given by the higher-layer parameter additionalSRS-HoppingBandwidth;
-	 is the number of frequency hops for additional SRS, derived from  if antenna switching is not configured for additional SRS, and from  if antenna switching is configured for additional SRS, where  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum,  is the number of antenna switches for additional SRS defined in 8.2 of [4],  is the guard-symbol configuration for antenna switching given by the higher-layer parameter additionalSRS-GuardSymbolAS,  is the guard symbol configuration for frequency hopping given by the higher-layer parameter additionalSRS-GuardSymbolFH, and  is given by the higher-layer parameter additionalSRS-duration;
---- Unchanged parts are omitted ----




Proposal 3: The equation to derive N_FH is  , and endorse the following text proposal.
	Text proposal to 36.211

5.5.3.2.2	Mapping to physical resources for additional SRS
An additional SRS spans one or more OFDM symbols in the time domain, where
-	…
-	 is the number of frequency hops with the same antenna/antenna pair for additional SRS, derived from  if antenna switching is not configured for additional SRS, and from  if antenna switching is configured for additional SRS, where  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum,  is the number of antenna switches for additional SRS defined in 8.2 of [4],  is the guard-symbol configuration for antenna switching given by the higher-layer parameter additionalSRS-GuardSymbolAS,  is the guard symbol configuration for frequency hopping given by the higher-layer parameter additionalSRS-GuardSymbolFH, and  is given by the higher-layer parameter additionalSRS-duration;



Proposal 4: endorse the following text proposal
	Text proposal to 36.211








The frequency hopping of the sounding reference signal is configured by the parameter , provided by higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission, except for additional SRS. If frequency hopping of the sounding reference signal is not enabled (i.e., ), the frequency position index  remains constant (unless re-configured) and is defined by  where the parameter  is given by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e., ), the frequency position indexes  are defined by …
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