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1. Introduction

This contribution discusses about simultaneous transmission of PUCCH and SRS. We think that a special transport format for simultaneous transmissions of ACK/NACK/CQI and SRS is not needed. In case when ACK/NACK/CQI and SRS transmission appears in the same sub-frame, ACK/NACK/CQI transmitted on PUCCH should be prioritized over SRS.
This contribution continues the discussion on this topic and answers the question if ACK/NACK shall indeed be prioritized over SRS in simultaneous transmission on PUCCH channel.
2. Discussion
We think that the bandwidth that is reserved for SRS should be somewhat narrower than system bandwidth so that PUCCH and part of PUSCH transmission (especially persistent PUSCH) can be done by using all the symbols of the slot. In [1] our proposal for SRS bandwidths with different system bandwidths is presented. In order optimize SRS resource usage one “SRS presence” bit in the UL grant should be used to inform if SRS symbol is available for data transmission (if UE is not configured to send SRS). If UE is configured to send SRS this bit can be used to prevent the SRS transmission.

It has been found out [2] that large power transitions in UE are problematic. Additional guard periods or power step restrictions may be needed. UE transmits PUCCH always with a bandwidth of 1RB but SRS bandwidth can be very large resulting in large power step. In order to limit the power step size, only narrowband SRS should be used.
If there is a DL only traffic burst and PUCCH ACK/NACK transmission is prioritized over SRS then there can be a long period without SRS. It is claimed that there can be problems with TA estimation or PC in this case. However, TA can be measured also from PUCCH if it is transmitted frequently enough. We also think that gap in SRS transmission does not cause problems to power control because before PUSCH transmission there is normally RACH or scheduling request procedure and PC can be set during those procedures. Anyway it is always possible that eNB allocates PUSCH resources to UE even if there is only control and SRS to be transmitted. This is an efficient solution to make sure that SRS is transmitted frequently enough for TA or PC purposes.
Two PUCCH transmission formats complicate the system and standard. In ACK/NACK case different orthogonal cover codes would be needed depending on if SRS is transmitted or not. This orthogonal cover must be the same for all the UEs that are transmitting in the same time – frequency resource so they all need to know if shorter cover needs to be used. Additional signaling is needed or alternatively all UEs must puncture one symbol when transmission of SRS is possible and this result in constant performance degradation. Orthogonal cover hopping would be more complex if two cover codes would be specified with possible variable alternating pattern. Also resource specific cyclic shift hopping (if specified) would be more complex.

3. Simulation assumptions
To show the impact of prioritizing ACK/NACK on PUCCH transmission over SRS, a set of simulations with different probabilities (0(20%) of simultaneous transmission of ACK/NACK and SRS were performed. A realistic sounding scheme is assumed and presented in Section 3. In addition, an “ideal sounding” scheme is considered which serves as a reference.

As the velocity of the UEs is the main factor influencing the channel state change, different velocities are simulated and the results compared. 

Figure 1 shows an example of an UL sounding scheme (scenario 1), which is used to illustrate a realistic sounding scheme. Colors and associated numbers represent various sounding groups, i.e. a group of UEs sounding the same bandwidth at the same time instance. Due to CAZAC sequences limitation, each sounding group consists of up to 6 UEs (for RPF=2). As can be seen from the Figure, each sounding group sounds the whole bandwidth in 3 TTIs. The maximum delay between sounding of the same bandwidth is hence 4 TTIs. This example demonstrates a sounding scheme state where there is no ACK/NACK transmission.
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Figure 1: Sounding scheme – 4 sounding groups, 6 users per sounding group
In case of an UE’s ACK/NACK transmission, SRS is disabled at a given time (Figure 2). This results in outdated UE channel state information for a given user. This case demonstrates a sounding scheme state where ACK/NACK transmission is prioritized.
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Figure 2: Sounding scheme - one user in 2nd sounding group with ACK/NACK transmission
The simulations were performed for typical urban channel model with 3 and 30 km/h UE velocity. Three different probabilities of simultaneous ACK/NACK and SRS occurrence are considered: 

· 0 - as a reference, 
· 5% - expected probability of simultaneous ACK/NACK and SRS transmission,
· 20% - upper bound.

Sounding was done with Tx power restriction, where sounding power depends on user’s power spectral density limitations. Furthermore, an “ideal sounding” scenario was simulated in which instant knowledge about the whole transmission bandwidth was used. 

Table 1 contains a summary of most relevant simulation parameters.
Table 1: Simulation assumptions

	Parameter
	Value

	Transmission bandwidth
	48 RU

	Number of sub-carriers per RU
	12

	Number of users per cell
	24

	Transmission bandwidth per UE
	2 RU

	Sounding scenario
	(4 sounding groups; 6 UE’s per sounding group; 24 RU sounding bandwidth); ideal sounding

	ACK/NACK transmission probability
	0; 5%; 20%

	User velocity
	3, 30 km/h

	Channel model
	TU

	Scheduler 
	PF

	Simulation case
	Case1

	Number of HARQ processes
	4

	Number of simulation runs
	10

	Simulation time 
	10 s (plus 2 s „warm up time“)


4. Simulation results
In this section, we evaluate the UL sounding performance of ACK/NACK prioritization on PUCCH with different probability of ACK/NACK and SRS occurrence. 
UE velocity 3km/h
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Figure 3 User throughput CDF; UE velocity 3km/h
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Figure 4 Channel sounding indicator error CDF; UE velocity 3km/h
From the results presented in Figure 3 and Figure 4 one can observe that in case of UE’s velocity of 3 km/h, the impact of prioritizing ACK/NACK over SRS transmission on PUCCH is negligible, even for higher probabilities of ACK/NACK and SRS occurrence. Additionally, it can be seen that performance loss in terms of average user throughput in case of sounding scenario 1 and probability of 0 ACK/NACK occurance in comparison to “ideal sounding” is less than 4% (see Table 2 and Figure 5).
Table 2 Average throughput – UE velocity 3 km/h

	Sounding scenario
	Ideal sounding
	Scenario 1
	Scenario 1
	Scenario 1

	ACK/NACK on PUCCH probability
	0
	0
	5%
	20%

	Average UE throughput
	319,48 kbps
	308,50 kbps
	307,86 kbps
(-0,2 %)
	306,21 kbps
(-0,74 %)

	Average UE throughput at 95% coverage
	175,49 kbps
	168,59 kbps
	167,74 kbps
(-0,5 %)
	167,38 kbps
(-0,72 %)
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Figure 5 User mean throughput; UE velocity 3km/h

UE velocity 30km/h
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Figure 6 User throughput CDF; UE velocity 30km/h
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Figure 7 Channel sounding indicator error CDF ; UE velocity 30km/h
In case of UE’s velocity of 30 km/h, impact of dropping SRS (when enabling ACK/NACK transmission on PUCCH), is slightly higher due to a shorter channel coherence time. This can be seen in Figure 6 and Figure 7.  For probability of simultaneous ACK/NACK and SRS occurance of 5% (assumed typical), performance degradation is less than 1,2%. Even for probability of 20%, the corresponding performance degradation is still on an acceptable level of 3,6% (see Table 3 and Figure 8). 
Table 3 Average throughput - UE velocity 30 km/h
	Sounding scenario
	Ideal sounding
	Scenario 1
	Scenario 1
	Scenario 1

	ACK/NACK on PUCCH probability
	0
	0
	5%
	20%

	Average UE throughput
	307,59 kbps
	269,41 kbps
	266,36 kbps
(-1,13 %)
	259,86 kbps
(-3,54 %)

	Average UE throughput at 95% coverage
	165,21 kbps
	138,96 kbps
	136,95 kbps
(-1,45 %)
	133,01 kbps
(-4,28 %)
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Figure 8 User mean throughput; UE velocity 30km/h
On the basis of the above results we may observe that:
· the performance of SRS in case of prioritizing ACK/NACK over SRS in PUCCH transmission depends on the coherence time of the channel through UE velocity;
· impact of prioritizing the ACK/NACK over SRS is negligible, even for UE velocities up to 30 km/h and probabilities of simultaneous ACK/NACK and SRS occurrence up to 20%.

5. Conclusions
On the basis of simulation results indicating negligible loss in terms of average throughput performance when prioritizing ACK/NACK over SRS for user velocities up to 30 km/h, and in the light of technical issues when considering simultaneous ACK/NACK and SRS transmission, we propose to prioritize ACK/NACK/CQI skipping SRS whenever necessary. The ACK/NACK prioritization will decrease system complexity and does not affect ACK/NACK performance
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