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1 Introduction

The discussion on SRS based carrier switching [1] started in RAN1#84b [1-3]. In this contribution the impact of SRS switching on the PUCCH and PUSCH capacity is discussed with respect of the amount of required switching, and dropping rules are discussed for different interruption times . 
The SRS switching is analysed in the context of a release 13 SRS signal, where the SRS is sent in the last symbol of the SRS subframe as was agreed in RAN1#85[5]. The interruption times considered are in line with the RAN4 assumptions, from under 100usec to 400usec. Longer interruption times are not considered.
2 Collision handling

2.1 On interruption time

RAN4 has evaluated that interruption time can vary with values up to 400 microseconds. This means that up 1 subframe may be dropped to account for the round trip of the SRS switching procedure.  In the following, the impact of carrier switching on throughput of PUCCH/PUSCH has been studied for different interruption times and SRS switching periodicities. The periodicities have been taken from 36.213 and reproduced below for convenience. 
Table 8.2-2: UE Specific SRS Periodicity [image: image1.wmf]SRS
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	SRS Configuration Index
 ISRS
	SRS Periodicity
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 (ms)

	0 to 9
	2

	10 – 14
	5

	15 – 24
	10

	25 – 44
	20

	45 – 84
	40

	85 – 164
	80

	165 – 324
	160

	325 – 644
	320


The study took into account the amount of switching within one SRS period, and whether the dropping algorithm allowed dropping on the slot or subframe level. Figure set 1 shows the results of TDD CA with 5DL and 2DL and figure set 2 for 2DL+1UL. 
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Figure 1a,b:  Percentage of available PUSCH/PUCCH for 5DL+2UL CA and SRS switching for the remaining CC (unseen cases are overlapping)
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Figure 2 a,b:  Percentage of available PUSCH/PUCCH for 2DL+1UL CA and SRS switching for the remaining CC (unseen cases are overlapping)
From the figures the following observation can be made:

Observation 1: SRS transmission with more that 10ms spacing will cost less than 10% of capacity.
Observation 2:  Slot level dropping can provide up to 90% of capacity for SRS transmission spacing of 5ms and above
2.2 Shortening of colliding channels for slot-level interruption times

2.2.1 SRS followed by a UL Subframe

Figure 3 shows the SRS subframe during transmission, along with the previous and following subframe when the interruption time is no more than 6 symbols (i.e. up to 430 usec, enough to send SRS in the same slot).


[image: image7.emf]S

R

S

CA CC

SRS CC

Tslot

Tslot

T

SRS,in

T

SRS,out

T

SRS

PUCCH/

PUSCH tx

interrupted

PUCCH/

PUSCH tx

interrupted


Figure 3 Transmission of SRS
When the interruption time is so large that it covers several symbols but does not exceed 430usec, it is proposed to drop an entire slot of PUCCH/PUSCH. The control element content of the slot (CQI/PMI, etc.) can be either reallocated to the other slot in the subframe, punctured, or dropped altogether. 

Proposal: When the interruption time is between 100 to 430usec, and SRS is followed by an UL subframe
· The PUSCH/PUCCH in the leading and trailing slot of the SRS transmission are not transmitted

· The control elements can be either reallocated to the other slot in the subframe, punctured or dropped altogether
It can also be intuitively seen that the location of the SRS symbol in the slot can lead to more or less impact in terms of interruption.  For example, assigning the SRS in the middle of the slot can mitigate impact to both the current and following slot. 

Proposal: for an SRS-only transmission, consider several possible symbol positions.
2.2.2 SRS followed by a DL Subframe
To avoid impact on the DL throughput, interruption of DL subframes should be avoided. To do so, the following alternatives are possible:

· Do not allow SRS switching when the trailing subframe is a DL subframe

· Re-allocate SRS to avoid impacting the DL subframe
Re-allocating SRS to the first slot in the subframe and keeping the last symbol position in the slot will allow to contain the interruption time to the same subframe instead of propagating the problem to the next subframe. The proposal would allow the interruption times stated by ran4 to be covered. 

Proposal: When the interruption time is between 100 to 430usec, and SRS is followed by an DL subframe 
· Do not allow SRS switching when the trailing subframe is a DL subframe or
· Re-allocate SRS to another symbol position not affecting the trailing DL subframe
2.3 Further issues
2.3.1 Coding for PUCCH and PUSCH

When dropping one of the slots to accommodate SRS based carrier switching, precaution should be taken to minimize loss of data and control signal throughput. Depending on the type of information to be transmitted on PUCCH/PUSCH, existing format may not allow to transmit the whole content in a single slot. Therefore, it is proposed to consider introducing new formats to be used when slots are dropped for the purpose of SRS based carrier switching. 

Proposal: consider introducing new formats to maximize PUCCH/PUSCH throughput while in SRS carrier based switching.

2.3.2 Resource allocation 
PUCCH slots is allocated on the edges of the LTE time-frequency grid, with a position that is format dependent. The first and second slots are always sent on opposite edges.  In order to maximize the use of the grid, it is proposed to consider new allocation forms that would allow to allocate users to slots unused by other UE which are transmitting SRS with carrier switching. 
Proposal: consider introducing new PUCCH allocation schemes to maximize system throughput while in SRS carrier based switching.

3 Conclusions
This paper summarized possible solutions to handle collisions between carrier switching for the purpose of SRS transmission and the transmission of PUCCH and PUSCH. The concept of slot dropping is introduced. The impact to PUSCH/PUCCH capacity is estimated at about 90% of original throughput for an interruption time of less than 400us when the time between SRS transmissions is above 5ms. The impact to PUCCH/PUSCH content as was discussed and alternative formats and allocations were proposed. 

The proposed changes are summarized below:

When the interruption time is between 100 to 430usec,

· The PUSCH/PUCCH in the leading and trailing slot of the SRS transmission are not transmitted

· The control elements can be either reallocated to the other slot in the subframe, punctured or dropped altogether
· for an SRS-only transmission, consider several possible symbol positions.
Proposal: When the interruption time is between 100 to 430usec, and SRS is followed by an DL subframe 
· Do not allow SRS switching when the trailing subframe is a DL subframe or
· Re-allocate SRS to another symbol position not affecting the trailing DL subframe
Proposal: consider introducing new formats to maximize PUCCH/PUSCH throughput while in SRS carrier based switching.

Proposal: consider introducing new PUCCH allocation schemes to maximize system throughput while in SRS carrier based switching.
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