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1. Introduction

In the RAN #82 bis meeting, increase the number of UpPTS SC-FDMA symbols for SRS capacity improvement was agreed, which is captured in the Chairman’s Notes[1]:
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.
· Note: This does not preclude further discussion of possibly introducing Virtual Cell ID for SRS – see  below. 
· Note that it will be specified that it is not expected that a UE would ever transmit more than one SRS with trigger type 0 in a given subframe
In this contribution, we provide details of how to specify SRS transmission in the extended UpPTS regions. 
2. Increase the number of UpPTS SC-FDMA symbols for SRS

In this section, we investigate possible options for how to specify SRS transmission when extended UpPTS symbols are used for SRS transmission.

2.1. Extended UpPTS symbol allocation in time domain 
In RAN1 #82 bis meeting, it was agreed to introduce a new set of RRC parameter values for additional UpPTS which are separately configured from the legacy SRS configuration for trigger types 0 and 1. Fig 1 shows two SRS transmission regions, where each region has different srs-configuration. UE can be configured to transmit SRS symbols either in extended UpPTS region when it is configured a new RRC parameter used for extended SRS or in legacy SRS region when it is configured legacy SRS RRC parameter. According to the agreement, this new RRC parameter cannot be configured simultaneously with legacy RRC parameter, and hence UE shall not be allowed transmit SRS on both regions. 
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Figure 1. Two operations corresponding to srs-configuration 
In order to indicate SRS subframes in the extended UpPTS resource, 
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, which indicates SC-FDMA symbols used for SRS transmission, should be newly defined for the extended UpPTS resource. One simple way is to define 
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 to count all extended UpPTS symbols as described in Table 1. It is noted that SRS transmission instance and all corresponding equations in the current specification, i.e., periodicity and subframe offset, is based on 5 symbols in a half-frame as well as 10 symbols in a frame. 
Table 1.  
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 for extended UpPTS for TDD. 
	
	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
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 in case UpPTS length of 4 symbols
	
	0
	1
	2
	3
	
	
	
	
	5
	6
	7
	8
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 in case UpPTS length of 2 symbol
	
	0
	1
	
	
	
	
	
	
	5
	6
	
	
	
	
	


Proposal 1: UE should use Table 1 for 
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  when it is configured to transmit SRS in the extended resource.
2.2. Periodic SRS transmission using extended UpPTS symbols
2.2.1. Indication of SRS Transmission Resource: Legacy Resource or Extended UpPTS Resource
It was agreed that a new set of RRC parameters for extended UpPTS resource are separately configured from the legacy SRS configurations. This agreement was based on the orthogonal SRS resource allocation of extended UpPTS resource to legacy SRS resource. In particular, for trigger type 0 SRS transmission, if Number-of-additional-UpPTS is configured, either Sounding RS-UL-ConfigDedicated or SoundingRS-UL-ConfigDedicated-extendedUpPTS will be configured. Then, if SoundingRS-UL-ConfigDedicated-extendedUpPTS is configured, SRS symbols are transmitted in extended SRS resource, and if SoundingRS-UL-ConfigDedicated is configured, SRS symbols are transmitted in the legacy resource. To clarify this operation at UE, it is recommended to specify this condition in the specification.
Proposal 2: If SoundingRS-UL-ConfigDedicated-extendedUpPTS is configured, the SRS parameters in SoundingRS-UL-ConfigDedicated-extendedUpPTS shall be used for UE to transmit SRS in extended UpPTS resource; otherwise, the SRS parameters in SoundingRS-UL-ConfigDedicated shall be used for UE to transmit SRS in legacy SRS resource. 
2.2.2. SRS Transmission Instance: Trigger type 0 

Specification change required for the UE to derive SRS transmission instances (i.e., SC-FDMA symbols to transmit SRS) in the extended UpPTS seems to be marginal. Table 8.2-2 in 36.213 which is represented in Appendix section and corresponding equations to define SRS transmission instance for TDD are transparently applicable in the extended UpPTS region, with replacing legacy 
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 with the one in Table 1. Note that some SRS configuration indices, ISRS, in Table 8.2-2 in 36.213 are not applicable, i.e., SRS configuration index 5, 6, 8, and 9 are not applicable since the 
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 in Table 1 does not have the number of 4 and 9. 
Proposal 3: For SRS transmission instance derivation in the extended UpPTS for trigger type 0, legacy specification, i.e., Table 8.2-2 in 36.213 and corresponding equations, should be reused with replacing the legacy 
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 with the one in Table 1.
2.3. Aperiodic SRS transmission using extended UpPTS symbols

In this section, we briefly describe how to configure trigger type 1 SRS transmission. 
2.3.1. SRS Transmission Instance: Trigger type 1 

Similarly to trigger type 0, for SRS transmission instance derivation in the extended UpPTS for trigger type 1, legacy specifications, i.e., Table 8.2.5 in 36.213 which is represented in Appendix section and related equations, may be able to be reused with replacing the legacy 
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 with the one in Table 1.  However, there is one more restriction we need to consider for trigger type 1: UE is not expected to be configured to transmit more than one SRS symbol in a subframe, i.e., one-shot restriction in a subframe. Thus if extended UpPTS resource is configured for SRS transmission, 2ms SRS periodicity is not applicable. Since all of 2ms periodicity is not applicable in trigger type 1 due to the one-shot restriction, we may consider a new table for simplicity while reusing legacy SRS transmission instance equations for trigger type 1 and one possible example is described in Table 2. 

Table 2.  UE specific SRS Periodicity 
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 for trigger type 1, TDD (Extended UpPTS)
	SRS Configuration Index
 ISRS
	SRS Periodicity
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 (ms)
	SRS Subframe Offset
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	0 – 3
	5
	ISRS

	4 – 7
	10
	ISRS – 4

	8 – 11
	10
	ISRS – 3

	12 – 31
	Reserved
	reserved


Proposal 4: For SRS transmission instance derivation in the extended UpPTS for trigger type 1, legacy equations should be reused with replacing Table 8.2.5 in 36.213 with Table 2, and the legacy 
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 with the one in Table 1.
2.3.2. Switching of legacy SRS resource and extended SRS resource for trigger type 1 

For trigger type 1, it has not been decided whether either or both of the extended SRS and the legacy SRS parameters can be configured. When trigger type 1 is configured, SRS transmission is triggered if eNB activate SRS request field in DCI, resource to be used for SRS transmission is determined by combination of design of request field and configured RRC parameters. In this section, we investigate two possible options to combine trigger request field and configured RRC parameters. 
Alternative-1 : Semi-static switching of resources
: In alternative-1, it is assumed for eNB to configure to UE either SoundingRS-UL-ConfigDedicatedApeiodic-r10 which indicates SRS transmission in legacy SRS resource or SoundingRS-UL-ConfigDedicatedApeiodic-extendedUpPTS which indicates SRS transmission in extended UpPTS resource. In this aspect, semi-static switching of resources can be supported. 

Alternative-2 : Dynamic switching of resource

: In alternative-2, it is assumed for eNB to configure to UE both SoundingRS-UL-ConfigDedicatedApeiodic-r10 and SoundingRS-UL-ConfigDedicatedApeiodic-extendedUpPTS. And then, it is needed to add explicit signal to indicate whether to transmit aperiodic SRS in legacy SRS resource or in extended UpPTS resource. For instance, 1 bit indication in DCI format 0/1A/2B/2C/2D can be added. Dynamic switching between resources is workable since resource to be used aperiodic SRS is not triggered by RRC, but triggered by SRS request field in DCI. With this scheme, eNB can have more resources to transmit aperiodic SRS compared to semi-static switching, and it should provide additional scheduling flexibility of SRS resource scheduling for trigger type 1 which might suffers from higher burden with many UEs.

Proposal 5: Add a new 1bit indication to DCI format 0/1A/2B/2C/2D/4 to indicate which of legacy SRS resource and extended UpPTS resource should be used for the triggered aperiodic SRS transmission.
3. Discussion and Conclusion

In this contribution, we give our views on increase the number of UpPTS SC-FDMA symbols for SRS and we have the following proposals. 
Proposal 1: UE should use Table 1 for 
[image: image17.wmf]SRS

k

  when it is configured to transmit SRS in the extended resource.
Proposal 2: If SoundingRS-UL-ConfigDedicated-extendedUpPTS is configured, the SRS parameters in SoundingRS-UL-ConfigDedicated-extendedUpPTS shall be used for UE to transmit SRS in extended UpPTS resource; otherwise, the SRS parameters in SoundingRS-UL-ConfigDedicated shall be used for UE to transmit SRS in legacy SRS resource. 
Proposal 3: For SRS transmission instance derivation in the extended UpPTS for trigger type 0, legacy specification, i.e., Table 8.2-2 in 36.213 and corresponding equations, should be reused with replacing the legacy 
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 with the one in Table 1.
Proposal 4: For SRS transmission instance derivation in the extended UpPTS for trigger type 1, legacy equations should be reused with replacing Table 8.2.5 in 36.213 with Table 2, and the legacy 
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 with the one in Table 1.
Proposal 5: Add a new 1bit indication to DCI format 0/1A/2B/2C/2D/4 to indicate which of legacy SRS resource and extended UpPTS resource should be used for the triggered aperiodic SRS transmission.
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5. Appendix
Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, 
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, and SRS subframe offset, 
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, is defined in Table 8.2-2 for TDD. As we aforementioned, once 
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 is used in Table 1, Table 8.2-2 and corresponding equations should be reused except some SRS configuration indices, ISRS, are not applicable For SRS transmission instance derivation in the extended UpPTS for trigger type 0. 
Table 8.2-2: UE Specific SRS Periodicity 
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 and Subframe Offset Configuration 
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 for trigger type 0, TDD

	SRS Configuration Index
 ISRS
	SRS Periodicity
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 (ms)
	SRS Subframe Offset
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	0
	2
	0, 1

	1
	2
	0, 2

	2
	2
	1, 2

	3
	2
	0, 3

	4
	2
	1, 3

	5
	2
	0, 4

	6
	2
	1, 4

	7
	2
	2, 3

	8
	2
	2, 4

	9
	2
	3, 4

	10 – 14
	5
	ISRS – 10

	15 – 24
	10
	ISRS – 15

	25 – 44
	20
	ISRS – 25

	45 – 84
	40
	ISRS – 45

	85 – 164
	80
	ISRS – 85

	165 – 324
	160
	ISRS – 165

	325 – 644
	320
	ISRS – 325

	645 – 1023
	reserved
	reserved


Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, 
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, and SRS subframe offset, 
[image: image28.wmf]1

,
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, is defined in Table 8.2-5 for TDD. As we aforementioned, once 
[image: image29.wmf]SRS

k

 is used in Table 1, legacy equations should be reused with replacing Table 8.2.5 with Table 2.
Table 8.2-5: UE Specific SRS Periodicity 
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 and Subframe Offset Configuration 
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 for trigger type 1, TDD

	SRS Configuration Index
 ISRS
	SRS Periodicity
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 (ms)
	SRS Subframe Offset
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	0
	reserved
	reserved

	1
	2
	0, 2

	2
	2
	1, 2

	3
	2
	0, 3

	4
	2
	1, 3

	5
	2
	0, 4

	6
	2
	1, 4

	7
	2
	2, 3

	8
	2
	2, 4

	9
	2
	3, 4

	10 – 14
	5
	ISRS – 10

	15 – 24
	10
	ISRS – 15

	25 – 31
	reserved
	reserved
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