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1 Introduction

This contribution examines improvements in the PUCCH multiplexing capacity and in particular increasing the number of UEs with persistent ACK/NAK and SR transmissions that can be multiplexed per RB. As the resource assignment for these transmissions is semi-static and fully under the control of the serving eNB, over-dimensioning of assigned resources can be avoided leading to higher multiplexing capacity and less PUCCH overhead.
Although currently all PUCCH transmissions are considered over the entire sub-frame, this was primarily motivated by the fact that the resulting SINR and frequency diversity were needed to achieve the required ACK/NAK BER for coverage limited (low SINR) UEs and that for dynamic ACK/NAK resource assignments (dynamically scheduled UEs) it would not be possible to assign a varying number of resources among UEs while maintaining orthogonal multiplexing. Moreover, transmission over the entire sub-frame is needed for the CQI to accommodate the required payloads.

These conditions do not need to apply for persistent ACK/NAK and SR transmissions. This allows for proper dimensioning of the respective PUCCH resources and lifts the restriction of having to always design for the worst case scenario as for dynamic ACK/NAK. Then, UEs with SINR above a certain value can have persistent ACK/NAK and SR transmissions over 1 slot while achieving the respective performance targets. For such UEs, the eNB needs only additionally configure whether the persistent ACK/NAK and SR transmissions occur in the first or second slot. 
The ACK/NAK and SR performance is subsequently compared for 1-slot and 2-slots transmissions and, based on these results and on the typical geometry CDFs used in E-UTRA evaluation, the PUCCH overhead reduction associated with enabling 1-slot transmission is determined.

2 ACK/NAK and SR Performance: 1 vs 2 Slot Transmission
The ACK/NAK and SR performance is evaluated for the simulation setups in Table 1. 

Table 1: Simulation Assumptions for PUCCH Transmission of ACK/NAK and SR
	Parameters
	Assumptions

	System BW
	5MHz

	UE Speed
	3 and 350 kmph

	Channel Model
	TU6

	Number of Antennas
	1 Tx, 2 Rx


Figure 1 shows the ACK/NAK BER for transmission over 1 and 2 slots for the simulation setups in Table 1. BPSK is considered (3 dB shift applies to the curves for QPSK) as persistent ACK/NAK transmissions are not typically associated with MIMO. As expected, in addition to the baseline 3 dB loss, the additional performance loss for transmission over 1 slot depends primarily on the frequency diversity of the channel and is largely independent of the UE speed. As the channel is typically flat over 1 RB and there is sufficient RS density for channel estimation at all E-UTRA speeds, the operating environment has little impact in achieving the ACK/NAK BER targets for transmission over 1 slot which can be met for SINRs above about 0 dB. 
Figure 2 shows the SR miss probability (Pmiss) for transmission over 1 and 2 slots for 1% false alarm (Pfa) probability. Although SR performance targets for Pmiss and Pfa have not been defined, it should be a relatively rare event that the SR a UE transmits is not received. Therefore, it is reasonable to assume Pmiss < Pfa and both to be relatively low.

[image: image1.png]ACK/NAK BER

10

ACK/NAK BER vs Number of Transmission Slots. TUB, 1-bit ACK/NAK.

10°

10°

4

T T
=% 2 Slots Tx, 3 Kmph
== 1 Slot Tx, 3 Kmph

== 2 Slots Tx, 350 Kmph
== 1 Slot Tx, 350 Kmph

-16

14

-12

-10

8
SINR (dB)




Figure 1: ACK/NAK BER for 1-slot and 2-slot transmission, TU6 at 3 Kmph and 350 Kmph.
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Figure 2: SR Miss Probability for 1% False Alarm Probability - TU6.
Geometry distributions for three typical cell layouts are shown in Figure 3. For the largest inter-site distance (ISD) of 1732m and path loss of 20 dB, about 1/3 of UEs operates with SINR above 0 dB. For the other two cells layouts, practically all UEs have SINR about 0 dB. This simply means that the ACK/NAK BER targets and the SR Pmiss and Pfa targets can be achieved for these UEs with transmission over only 1 slot. For the latter two cases, transmission over 1 slot is also adequate for dynamic ACK/NAK.  
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Figure 3: Geometry Distribution for 3 Cell Layouts.

To get an estimate of the required resources for ACK/NAK transmissions associated with persistent scheduling, the DL VoIP capacity results (at 5 MHz, 20 ms transmission period) from [1] are used as reference in Table 2. 
Table 2: DL VoIP Capacity for Deployment Scenarios in E-UTRA Evaluation.
	Deployment Scenario
	Average DL VoIP Capacity (UEs/cell)

	Case1
	317

	Case2
	293

	Case3
	289


Without considering any other persistently scheduled DL traffic, the number of VoIP UEs per sub-frame in loaded systems is expected to be around 15 thereby practically resulting to 1 RB UL overhead to support the respective UL ACK/NAK transmissions. Based on the geometry distribution in Figure 3, this overhead can be reduced by as much as 50% (from 4% to 2%) while meeting the desired ACK/NAK target BER (CQI and/or SR transmissions can utilize the remaining available resources within one RB – at higher operating BWs than 5 MHz, one RB is saved). 
Regarding the SR, one consequence of adopting the same PUCCH structure as for ACK/NAK (to allow multiplexing of ACK/NAK and SR from the same UE) is that the fundamental SR multiplexing capability is reduced by more than a factor of 2 (from a maximum of 42 to a maximum of 18 – one or more resources may be reserved for noise estimation). Assuming support for SR with 10msec delay from a maximum of 360 simultaneous UEs at 5 MHz, this translates to about 2 RBs reserved for SR transmission or equivalently 8% UL overhead (note that TR 25.913 states that access to the radio resources should be supported for at least 200 UEs at 5 MHz - the number of UEs scales proportionally with the operating BW). Clearly, for cells layouts for which the desired performance targets are achieved with transmission over 1 slot, this overhead is reduced in half resulting to BW savings of about 4% without any additional implementation complexity.
Therefore, by allowing SR and ACK/NAK transmissions over 1 slot and not unnecessarily extending their transmission period to a sub-frame, as much as 6% in UL overhead can be saved without compromising the performance targets or introducing any additional complexity. Depending on the deployment scenario, dynamic ACK/NAK transmissions may also be limited to 1 slot. 
3 Conclusions
This contribution considered the PUCCH resources required for ACK/NAK and SR transmission. It is shown that for SINRs above about 0 dB, the lower bounds for the respective performance targets can be met with transmission over only 1 slot of the sub-frame. This leads to significant reductions in PUCCH overhead which can be as large as about 6% without introducing any additional complexity. Depending on the deployment scenario, transmission over 1-slot can apply to only some UEs (with adequate SINR) and limited to PUCCH transmissions configured by the eNB or it can apply to all UEs in the cell and include dynamic ACK/NAK transmissions.  
It is proposed that:

a) ACK/NAK and SR transmission over 1 slot is enabled by the specifications

b) The eNB can configure the ACK/NAK and SR transmission durations for each UE (1 slot or 1 sub-frame)

c) The eNB can broadcast the ACK/NAK and SR transmission durations (1 bit, or 2 bits if sub-frame repetitions are supported). If individual configuration is applied for a UE, it overrides the one broadcasted by the eNB. 
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