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1 Introduction

During the RAN1#63 meeting, the topic of simultaneous transmission of SRS and other channels was discussed and the following conclusions were achieved [1]:

PUSCH + SRS, intra CC
· No simultaneous PUSCH and SRS in the same symbol from the same UE
· When aperiodic SRS is configured
· Always rate match PUSCH in cell specific SRS subframe
· Reconsider Rel-8/9 behaviour if ambiguity is solved in the SRS session
·  Otherwise, same behaviour as Rel-8/9
PUSCH + SRS, inter CCs

· Alt-1: Simultaneous PUSCH and SRS is allowed for non power limitation case 
· Alt-2: No simultaneous PUSCH and SRS is allowed
· Alt-2 is supported for all Rel-10 UE
· Alt-1 is supported for Rel-10 if time permits
PUCCH + SRS, intra CCs

· Simultaneous SRS transmission with PUCCH in same symbol

· on same CC

· not supported - i.e. same behaviour as Rel-8/9

· Possibility of shortened format for CSI on PUCCH can be FFS if time permits. 

Simultaneous transmission of multiple SRS over different CCs and simultaneous transmission of PUCCH and SRS over different CCs were not discussed online. In this contribution, we provide our views on the remaining open issues on simultaneous transmission of SRS and other channels.
2 Discussion

When simultaneous transmission of SRS and other channels happens, considering the workload for RAN4, simultaneous transmission of SRS and other channels in the same symbol should be avoided at least for the case of power limitation.
2.1 PUSCH + SRS
There was offline email discussion following RAN1 #63 meeting, the current discussion status on simultaneous PUSCH and SRS is in [2]:

· No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE  

· Alt-1-a:
· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC 
· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
· Alt-1-b:
· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs 
Alt-1-b suffers from possible uncertainty at the eNodeB on the exact UE configuration [2], even if the rate matching is based on configured CCs. So it is more reasonable that rate matching is done only when SRS and PUSCH are to be transmitted on the same CC, which is the same behaviour as Rel-8/9. If SRS and PUSCH are to be transmitted in the same symbol on different CCs, SRS should be dropped at least for the power limited UE. Thus, Alt-1-a should be supported.

Proposal 1: No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE.
•Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC

•Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
2.2  SRS + SRS

For the case of simultaneous transmission of multiple SRS over different CCs in the same subframe from the same UE, there are some possible alternatives as below [2]: 

· Possible alternatives for more than one SRS scheduled in the same subframe from the same UE: 
· Transmit all the SRS
· Are RF requirements likely to be available for Rel-10? 
· Transmit only one SRS
· Which SRS should be transmitted?
· Priority to SRS on Pcell?
· Drop all SRS
For transmission of SRS for multiple CCs, TDM is a good choice to avoid collision. For FDD, TDM is feasible even for the case of 5 aggregated carriers. For TDD, TDM is feasible at least for Rel-10 typical scenario with 2 aggregated carriers, considering UpPTS can also be used to transmit SRS as in Rel-8 [3]. Thus TDM can be considered as a baseline for transmission of multiple SRS for different CCs in Rel-10. If TDM is used for transmission of multiple SRS for different CCs, ‘drop all SRS’ in the collision subframe can be accepted because the collision probability is low. 
Proposal 2: TDM can be considered as a baseline for transmission of multiple SRS for different CCs in Rel-10.

•Drop all SRS if multiple SRS for different CCs are to be transmitted in the same subframe.
2.3  PUCCH + SRS 
PUCCH + SRS, intra CCs
As described in section 1, it has been agreed that simultaneous SRS transmission with PUCCH in same symbol on same CC is not supported, i.e. same behaviour as Rel-8/9. The remaining open issue is the possibility of shortened format for CSI on PUCCH.  
Based on the above agreement, in Rel-10, if A/N and SRS are to be transmitted in the same subframe on the same CC, SRS would be dropped or SRS and A/N would be transmitted using shortened PUCCH Format1a/1b/3. If CSI and SRS are to be transmitted in the same subframe on the same CC, SRS would be dropped. However, in Rel-10 carrier aggregation scenario, both the reporting probability of CSI and SRS would increase, considering the TDMed CSI reporting and the TDMed SRS reporting for multiple carriers, thus the collision probability of CSI and SRS would be higher than that in Rel-8. In this case, always dropping SRS would have heavier impact on uplink throughput. Thus, shortened format for CSI on PUCCH should be supported in Rel-10, which is similar as Rel-8 shortened PUCCH Format 1/1a/1b. 
For shortened PUCCH Format 2, it can only support 18 coded bits. A simple way to puncture the 20 coded bits into 18 coded bits is to puncture the first two coded bits or the last two coded bits after the (20, A) RM coding. However, according to the simulation results shown in Table 2 in Appendix B with the simulation assumptions shown in Table 1 in Appendix A, puncturing the first two coded bits has better performance in all cases except for the case of 4 bits CQI. Although the BLER performance for puncturing the first two coded bits is about 0.15dB worse than that of puncturing the last two coded bits for the case of 4 bits CQI, it can obtain performance gain in all the other cases and the performance gain is ranged from 0.5dB to 1.3dB. 
From Table 3 in Appendix B, we can see that the performance for shortened PUCCH Format 2 with puncturing the first two coded bits is even better in some cases compared to the existing PUCCH Format 2, because puncturing the first two coded bits can provide diversity gain for the 6th control information bit [4].    

Proposal 3: Shortened PUCCH format 2 is supported in Rel-10.
•Puncturing the first two coded bits after (20, A) RM coding for the shortened PUCCH format 2.
PUCCH + SRS, inter CCs

During the RAN1#63 meeting, simultaneous PUCCH and SRS transmission in same symbol on different CC is not discussed online. The state of offline discussion about this topic is as follow:  

· Possible alternatives for PUCCH on Pcell and SRS scheduled on Scell(s) in the same subframe from the same UE: 
· Transmit PUCCH and all the SRS
· Are RF requirements for more than one SRS likely to be available for Rel-10? 
· Transmit PUCCH and one SRS
· Which SRS is transmitted?
· Apply same restrictions as for PUCCH and SRS on the same carrier (i.e. use short format or drop SRS)
· Transmit PUCCH only
When the PUCCH and SRS are to be transmitted in the same symbol on different CCs, dropping SRS and transmitting PUCCH only should be used considering the commonality with the behaviour for the case of simultaneous PUSCH and SRS. 
Proposal 4: If PUCCH and SRS are to be transmitted in the same symbol on different CCs, SRS is dropped.
2.4 PUCCH + PUSCH + SRS 
Based on the behaviour described in section 2.1 to section 2.3, if the three different signal/channels are to be transmitted on the Pcell, PUCCH would be transmitted in terms of shortened format, PUSCH would be transmitted by rate matching, and SRS would be transmitted normally. If they are transmitted on different CCs, SRS would be dropped, while PUCCH and PUSCH would be transmitted normally.
3 Conclusions

In this contribution, the remaining open issues on simultaneous transmission of SRS and other channels are discussed. Based on the discussion, it is proposed that:
Proposal 1: No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE.
•Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC

•Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
Proposal 2: TDM can be considered as a baseline for transmission of multiple SRS for different CCs in Rel-10.

•Drop all SRS if multiple SRS for different CCs are to be transmitted in the same subframe.
Proposal 3: Shortened PUCCH format 2 is supported in Rel-10.
•Puncturing the first two coded bits after (20, A) RM coding for the shortened PUCCH format 2.
Proposal 4: If PUCCH and SRS are to be transmitted in the same symbol on different CCs, SRS is dropped.
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Appendix A

Simulation Assumptions 

Table- 1: Simulation Assumptions 

	Parameter
	Value

	Carrier frequency
	2GHz

	Bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1x2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	Noise estimation
	            Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver Type
	              ML detection (Joint Data + RS)


Appendix B

Link-level Simulation Results 

In order to evaluate the following two solutions for shortened PUCCH format 2, the BLER performance is evaluated. For comparison, the required SNR (in dB) necessary to achieve a BLER of 1% is summarized in Table 2.
Solution 1: Puncturing the first two coded bits after (20, A) RM coding for shortened PUCCH Format 2; 

Solution 2: Puncturing the last two coded bits after (20, A) RM coding for shortened PUCCH Format 2;

Table-2: The required SNR for BLER= 10e-2 of the two possible solutions for shortened PUCCH format 2 

	
	4bits
	6bits
	8bits
	9bits
	11bits

	Solution 1
	-7.15
	-5.27
	-4.22
	-3.72
	-1.72

	Solution 2
	-7.3
	-4
	-3.52
	-3.19
	-1

	Gain of solution 1
	-0.15
	1.27
	0.7
	0.53
	0.72


From Table 2, we can see that the BLER performance of solution 1 is better than that of solution 2 in all the cases except for the case of 4 bits CQI, which is mainly due to the diversity gain for the 6th control information bit [4] provided by solution 1.
Although the BLER performance for solution 1 is about 0.15dB worse than that of solution 2 for the case of 4 bits CQI, it can obtain performance gain in all other cases and the performance gain is large, so solution 1 is better. .
In order to compare the performance of shortened PUCCH format 2 with puncturing the first two codes bits after (20, A) RM coding and the performance of PUCCH format 2, the BLER performance of PUCCH format 2 is also evaluated. For comparison, the required SNR (in dB) necessary to achieve a BLER of 1% for PUCCH format 2 and shortened PUCCH format 2 is summarized in Table 3.
Table-3: The required SNR for BLER= 10e-2 for PUCCH format 2 and shortened PUCCH format 2 

	
	4bits
	6bits
	8bits
	9bits
	11bits

	PUCCH format 2
	-7.7
	-4.2
	-3.9
	-3.6
	-2

	Shortened PUCCH format 2
	-7.15
	-5.27
	-4.22
	-3.72
	-1.72

	Gain of PUCCH format 2
	0.55
	-1.07
	-0.32
	-0.12
	0.28


From Table 3, we can see that the performance for shortened PUCCH Format 2 with puncturing the first two coded bits is even better in some cases compared to PUCCH Format 2, which is mainly due to the diversity gain for the 6th control information bit [4] provided by puncturing the first two coded bits .











































































