3GPP TSG RAN WG1 Meeting #76
R1-140029
Prague, Czech Republic, February 10-14, 2014

Agenda Item:
7.2.2.2.3
Source:
Huawei, HiSilicon

Title:
Discussion on issues for PUCCH coverage improvement
Document for:
Discussion and decision
1 Introduction
In RAN1 #75 meeting, a way forward including PUCCH coverage improvement was discussed and the following working assumption was achieved [1]:
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
In this meeting, we could confirm the WA and resolve the remaining FFS issues for periodic CSI and ACK/NACK. This contribution discusses remaining issues for PUCCH coverage improvement, including the FFS issues needed to be resolved.
2 Discussion on remaining issues for PUCCH coverage improvement
2.1 Periodic CSI without repetition
To determine whether periodic CSI without repetition is supported for UEs in enhanced coverage mode for MTC applications, we need to consider the required coverage improvement (CI) for PUCCH. 
Given that not all UEs need the largest CI when the relative LTE coverage is required to be enhanced by 15dB, multiple CI levels are defined. In Table 1, we divide the overall CI into 3 levels, which is the same as the maximum number of levels for PRACH repetition [1], targeting 5dB, 10dB, 15dB overall CI requirement, respectively. According to TR36.888 [2], the overall CI is targeted for the limiting channel, while the required CI for PUCCH equals the overall CI reduced by the difference between the PUCCH MCL and the MCL of the limiting channel. As the PUCCH MCL in TR36.888 is based on format 1a, we calculate the required CI for PUCCH format 1a as listed in Table 1.
Table 1. Required CI for PUCCH (1a) with different overall CI requirement
	
	MCL of the limiting channel
	MCL of PUCCH (1a)
	Required CI for PUCCH (1a) with 5dB overall CI requirement
	Required CI for PUCCH (1a) with 10dB overall CI requirement
	Required CI for PUCCH (1a) with 15dB overall CI requirement

	FDD
	140.7dB

(PUSCH)
	147.2dB
	0dB
	3.5dB
	8.5dB

	TDD
	146.7dB

(PRACH)
	149.4dB
	2.3dB
	7.3dB
	12.3dB


Because the gap between PUCCH format 1a MCL and the limiting channel MCL is 6.5dB in FDD which is larger than 5dB, we observe from Table 1 that PUCCH format 1a does not need any enhancement when the level targets 5dB overall CI requirement for FDD. A similar analysis for PUCCH format 2, which carries periodic CSI, shows that the performance of PUCCH format 2 is approximately 1dB worse than format 1a [3]. As a consequence, the required CI for PUCCH format 2 is approximately 1dB higher. Thus, when the overall CI requirement is 5dB for FDD, PUCCH format 2 does not need any enhancement. Periodic CSI over PUCCH without repetition could be supported just as the same operation with legacy UEs. However, for other levels of CI, the repetition of periodic CSI over PUCCH could be not supported.
Proposal 1: Periodic CSI over PUCCH without repetition shall be supported when no enhancement is needed for that PUCCH format, e.g.: when the level of overall CI targets 5dB enhancement for FDD.

2.2 Configurability of ACK/NACK
The configurability of ACK/NACK includes the issues of whether the amount of ACK/NACK repetition is configurable from the network and whether HARQ feedback can be turned off.
When the repetition is enabled in Rel-11, the amount of ACK/NACK repetition, is configured by RRC signaling, has a maximum of 6 times repetitions. For UEs in enhanced coverage mode, the amount of ACK/NACK repetition is also configurable and the maximum number of repetition needs to be increased.
As for the second issue, when HARQ feedback is turned off by the network for UE-specific data, the RLC ARQ may be used to help to guarantee the correct transmission of PDSCH. However, a stricter initial BLER (e.g., 1% instead of 10%) for PDSCH should be required in order to avoid excessive retransmissions from the higher layers. The stricter initial BLER would consume more PDSCH resources, and the increased DL resource overhead may be larger than the UL resource for ACK/NACK transmission via PUCCH. Moreover, when the UE could correctly receive the block, PDSCH may still be repeatedly transmitted until a repetition time is reached without HARQ feedback. Therefore, disabling HARQ feedback results in a higher downlink load but the uplink load saving is marginal, which is not efficient. 
Proposal 2: The amount of ACK/NACK repetition is configurable from the network and UEs would always support HARQ feedback for UE-specific data. 
2.3 Supported PUCCH formats for UEs in enhanced coverage mode
Based on the conclusion of the functionality supported by PUCCH for UEs in enhanced coverage mode, we can further determine which PUCCH formats in current system are needed as analyzed in Table 2. 
Table 2. Analysis of supported PUCCH formats for UEs in enhanced coverage mode

	PUCCH format 
	UCI carried by the PUCCH format
	Analysis on the supported PUCCH formats for UEs in enhanced coverage mode
	Whether the format is supported

	1
	SR
	Need to be supported for SR
	Yes

	1a
	ACK/NACK (1 bit) / SR 
	Need to be supported for ACK/NACK and SR
	Yes

	1b
	ACK/NACK (2 bits) / SR
	Unnecessary when UEs do not need to support downlink transmission with two codewords
	Unlikely*

	1b with channel selection
	ACK/NACK (4 bits)
	Only used when multiplexing is configured, since ACK/NACK bundling with better uplink coverage than multiplexing is more beneficial for UEs in enhanced coverage mode. 
	No

	2
	Periodic CSI (multiplexed with ACK/NACK for extended CP)
	Need to be supported for periodic CSI without repetition
	Yes when no enhancement is needed for the format

	2a
	Periodic CSI multiplexed with ACK/NACK (1 bit)
	Need to be supported for periodic CSI without repetition
	Yes when no enhancement is needed for the format

	2b
	Periodic CSI multiplexed with ACK/NACK (2 bits)
	Unnecessary when UEs do not need to support downlink transmission with two codewords
	Unlikely*

	3
	ACK/NACK (10 or 20 bits) / SR
	Used for CA, which could be not needed for UEs operating MTC applications with low data rate
	No


     * Note: It depends on whether UEs in enhanced coverage mode need to support downlink transmission with two codewords
According to the analysis in Table 2, we have the following observation: 
Observation: PUCCH formats 1 and 1a are always supported for UEs in enhanced coverage mode.
2.4 The number of PUCCH repetitions
For UEs in enhanced coverage mode, repetition of PUCCH should be applied not only to ACK/NACK but also SR. As PUCCH format 1 and format 1a have similar PUCCH structure, the number of repetitions needed could be the same. Given the 15dB relative LTE CI and multiple overall CI levels as in Table 1, Table 3 lists the number of repetitions with respect to different CI requirements. 

Table 3. Simulation results for PUCCH repetition for FDD
	Overall CI requirement (dB) / Required CI for PUCCH(dB)
	5/0
	10/3.5
	15/8.5

	The number of repetitions for format 1/1a
	0
	2
	9


9 repetitions of format 1/1a could achieve 8.5dB performance gain, which meets 15dB overall CI requirements. 

2.5 PUCCH resource for repetitions
For PUCCH repetition of SR, the repeated SR could always be transmitted using PUCCH resource configured by higher layers.

Regarding the current method of PUCCH resource determination for ACK/NACK repetition, when a PDSCH transmission with a corresponding PDCCH is detected, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index, and repeat the transmission of the ACK/NACK response always using PUCCH resource configured by higher layers. For UEs in enhanced coverage mode, the starting subframe of PUCCH repetition is delayed to the last subframe of PDSCH repetition which is scheduled by PDCCH in previous subframes [4]. There may be PUCCH collision between UEs in enhanced coverage mode and legacy UEs without coverage improvement. In order to avoid the collision, eNB can configure a specific PUCCH resource for UEs in enhanced coverage mode.
3 Conclusions
Some remaining issues for PUCCH coverage improvement are discussed in this contribution, and following proposals and observation are concluded accordingly:
Proposal 1: Periodic CSI over PUCCH without repetition shall be supported when no enhancement is needed for that PUCCH format, e.g.: when the level of overall CI targets 5dB enhancement for FDD.

Proposal 2: The amount of ACK/NACK repetition is configurable from the network and UEs would always support HARQ feedback for UE-specific data. 
Observation: PUCCH formats 1 and 1a are always supported for UEs in enhanced coverage mode.
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