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1. Introduction

In RAN1#53, support for ACK/NACK repetition was agreed to ensure balanced uplink coverage. This contribution investigates various ACK/NACK repetition techniques and provides several recommendations.
2. Repetition Factor

The SNR requirements for various uplink channels are shown in Table 1 where the values were taken from [1]-[3].    Link budget analysis of the various uplink channels is shown in Table 2.
Table 1.  SNR requirements for various uplink channels.

	Channel
	PRACH

P(FA) = 1%
	PUCCH

P(FA) = 1%
	PUCCH

1% BLER
	PUSCH

VoIP 

	
	Format 0
	Format 2
	1-bit A/N
	4-bit CQI
	1 TTI
	4 TTI

	Required SNR (dB)
	-10.6
	-12.3
	-7.1
	-6.5
	-4.2
	-8.0


In the link budget analysis, interference margin of 8 dB is assumed for the PUCCH while for other uplink channels an interference margin of 3 dB is assumed [4].  From the analysis, it is seen that when compared to the PRACH Format 2, the maximum allowable path loss for the PUCCH is smaller by 2.4 dB.  Thus, PUCCH repetition is beneficial to ensure balanced uplink coverage in this case.
As discussed in [4], several impairments such as inter-channel interference and SINR measurement error can degrade ACK/NACK performance by about 1.5 dB when 6 UEs are multiplexed together.  This degradation is of course only a significant problem for cell-edge users.  Since these users will in general require 8 CCEs on the PDCCH, it is unlikely that there will be a large number of multiplexed ACK/NACKs in the same uplink subframe or resource block even if semi-persistent scheduling is considered.  In addition, this inter-channel interference may be managed by the eNB through intelligent scheduling.  

By considering potential PUCCH interference management techniques employed by the eNB, it is reasonable to assume that at most repetition factor of 2 (i.e. at most one repetition of the ACK/NACK) is needed on the PUCCH.
Recommendation – At most a repetition factor of two (i.e. at most one ACK/NACK repetition) is used.
3. ACK/NACK Repetition Methods
For semi-persistently scheduled UEs, explicit assignment of the ACK/NACK resource indicator is used.  Thus for UE in need for repetition, this parameter can be conveyed to the UE via RRC signalling.  PUCCH resource contention is then managed by the eNB.
For dynamically scheduled UEs, the ACK/NACK resource indicator is implicitly tied to the lowest CCE index used to form the PDCCH.  The following approaches have been proposed –
1. TDM of ACK/NACK resource type by sub-frames [5].  For example, all UEs scheduled in sub-frame #0 use a repetition factor of two.
2. Repeating ACK/NACK in PUSCH resource in subsequent subframes [6].  Scheduling restriction is used to ensure there is no collision between repeated ACK/NACK and PUSCH.
3. Additional resource regions are predefined to handle ACK/NACK repetition [7].  These regions are substantially smaller in size and UE selects the appropriate PUCCH index based on the CCEs used to transmit the downlink assignment.

4. ACK/NACK repetition is based on the number of CCEs used to construct the downlink assignment [7].  In general, UEs requiring ACK/NACK repetition may also require 8 CCEs to receive the PDCCH successfully.  Hence, the proposal is that when 8 CCEs are used, then the UE will repeat the ACK/NACK in the next uplink subframe.  This may be done automatically or, to reduce overhead, it may be configurable via RRC signalling (i.e. 1-bit flag to tell the UE whether to repeat ACK/NACK). Since the CCEs follow a tree structure, there will be only a few configurations where this is possible.  For example, with 16 available CCEs, CCE#0 and CCE#7 can be associated with repeated ACK/NACK. Note that resource associated with the repeated ACK/NACK may either be reserved (as described in [7]) or the eNB will need to avoid collision through appropriate CCE assignment.  Since the number of extra ACK/NACK indices required to support repetition is low (NCCE/8), it is proposed that they be explicitly reserved as shown in Figure 1. These reserved regions may be placed prior to the regular ACK/NACK region (in the same manner as indices reserved for semi-persistent assignment) in order to provide possible reuse of the PUCCH for PUSCH.    
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Figure 1.  Example of ACK/NACK repetition (FDD).
5. Resources for ACK/NACK with repetition (e.g. resource indicator, repetition factor, time slot or period) are fixed and semi-statically assigned to coverage-limited UEs using RRC signaling.  The eNB then manages the scheduled UEs such that there is no ACK/NACK resource contention among the coverage-limited UEs. 

6. A few (e.g. one or two) ACK/NACK resource indicators with repetition are reserved.  eNB indicates to the UEs via the PDCCH (e.g. 1-bit field) whether to use these acknowledgments.

Recommendation – For semi-persistently scheduled users, explicit assignment of repetition factor is given via RRC signalling.  For dynamically scheduled users, either explicit assignment via RRC signalling or repetition based on number of CCEs used (Option 4 above) should be used.
4. TDD Considerations
ACK/NACK repetition in TDD is generally more complicated since uplink subframes may not be consecutive and HARQ timing may be impact.  In addition, the PUCCH region size can change based on DL/UL allocation and subframe number.  This is because in many cases, a single uplink subframe must provide ACK/NACK for multiple downlink subframes as shown in Figure 2.
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Figure 2.  Uplink ACK/NACK association with downlink transmission.
Naturally, ACK/NACK repetition should also be supported in TDD but may not be needed in all configurations.  For instance, ACK/NACK repetition is clearly not needed in Configuration 5 (1UL:8DL+DwPTS).  Also, ACK/NACK repetition is probably not needed in Configuration 2 (1UL:3DL + DwPTS) since extended PRACH (2×24576×Ts) is not possible. For other configurations, ACK/NACK repetition should be supported and naturally should not require consecutive uplink subframes.  An example based on TDD Configuration 1 is shown in Figure 3 below.
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Figure 3.  Example of ACK/NACK repetition (TDD Configuration 1).

By allowing ACK/NACK repetition, H-ARQ timing on the downlink will be impacted.  However, as asynchronous H-ARQ is used in the downlink, this should not be a major issue.
5. Conclusions
Based on the above discussion, the following recommendations are made –
· At most a repetition factor of two (i.e. at most one ACK/NACK repetition) is used.
· For semi-persistently scheduled users, explicit assignment of repetition factor is given via RRC signalling.  For dynamically scheduled users, either explicit assignment via RRC signalling or repetition based on number of CCEs used (Option 4 above) should be used.  If implicit signalling is used, additional ACK/NACK resource should be reserved.
· For TDD
· ACK/NACK repetition is only supported in configurations 0,1,3,4, and 6.
· Repetition is done in the same manner as FDD but does not require consecutive uplink subframes.
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Table 2.  Link budget for various uplink channels.
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Format 0 Format 2 1-bit A/N 4-bit CQI 1 TTI 4 TTI

UE EIRP

Power (dBm) 23 23 23 23 23 23

Tx Antenna Gain (dBi) -2.0 -2.0 -2.0 -2.0 -2.0 -2.0

EIRP (dBm) 21.0 21.0 21.0 21.0 21.0 21.0

Base Station Sensitivity

Antenna Gain 17.0 17.0 17.0 17.0 17.0 17.0

Transmission Line Loss (dB) 3.0 3.0 3.0 3.0 3.0 3.0

Diversity Gain (dB) 3.0 3.0 3.0 3.0 3.0 3.0

BS Noise Figure (dB) 5.0 5.0 5.0 5.0 5.0 5.0

Thermal Noise (kT) (dBm/Hz) -174.0 -174.0 -174.0 -174.0 -174.0 -174.0

Bandwidth (KHz) 1080 1080 180 180 360 360

Required SNR(dB) -10.6 -12.3 -7.1 -6.5 -4.2 -8.0

Base Station Sensitivity -136.2 -137.9 -140.5 -139.9 -134.6 -138.4

Margins

Lognormal Fade Margin 4.9 4.9 4.9 4.9 4.9 4.9

Interference Margin 3.0 3.0 8.0 3.0 3.0 3.0

Penetration Loss 18.0 18.0 18.0 18.0 18.0 18.0

MS Body Loss 2.0 2.0 2.0 2.0 2.0 2.0

Total System Margin 27.9 27.9 32.9 27.9 27.9 27.9

Maximum allowable Path Loss 129.3 131.0 128.6 133.0 127.7 131.5
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