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1. Introduction

In RAN1#68 after discussion the following was proposed:

Confirm the working assumption on 

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

·  For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 

· FFS the number of PUCCH resources used in TDD 

· If possible, strive for a common solution between FDD and TDD

It was concluded that the discussion should be continued, and proponents were encouraged to show the motivation for introducing Txd for the format 1b channel selection case.  

In [1], the link level results investigating the required SINR for PUCCH format 1b with channel selection (1bwCS) for single transmit antenna and the various transmit diversity (TxD) schemes were summarized for an upper bound required SINR set and an achievable gain from TxD. It was concluded that the reported 1dB gain achievable from TxD over single Tx on the link level would barely translate into a significant system level gain.
In this contribution, we also focus on the translation of the link level gains from TxD to system level aspects.

2. Discussion 
In our contribution on PUCCH 1bwCS TxD link level results [2], we reported BLER rather than Pr(NACK->ACK) and Pr(DTX->ACK). Nevertheless, as seen in the following figure from [2], we can confirm the 1dB gain from SORTD schemes over single Tx transmission at the required target of -6.2dB SINR summarized in [1] for the 4-bit case.
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Observation
TxD for PUCCH format 1b with channel selection is expected to provide about 1dB SINR gain.

The 1dB gain of PUCCH 1bwCS TxD can in general be utilized for coverage enhancements, multiplexing capacity or UE power savings. Those three aspects build a trade-off triangle at least from the perspective of certain UEs (e.g. cell-edge).
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In the following we will thus discuss those three aspects independently.
2.1 Capacity Enhancements

To obtain a system level control channel capacity gain in spectral efficiency, PUCCH RBs can be deployed in a reuse one fashion. This will result in inter-cell interference which, due to the properties of the underlying PUCCH symbols, is generally considered as white and thus adds directly to the noise and interference part of the SINR metric. Increasing the number of UEs transmitting per RB will thus raise the IoT level, so that, to maintain the required target SINR, the transmit power per UE increases. For a fixed coverage requirement, at the point cell edge UEs become power limited due to this power increase, the multiplexing capacity is reached.
In [1] it is stated that at the provided target SINR the capacity of 5 PUCCH per RB will be achieved already without introduction of TxD and that due to other limiting system design factors, more than 5 PUCCH per RB would be rather unlikely to be deployed. From this it follows that the link level gain due to the use of TxD would not translate into a system control channel capacity gain.

Currently we tend to be more conservative with regard to this statement, especially on being able to maintain 5 PUCCH f1bwCS multiplexed at -6.2 dB SINR, but further study would be required to find robust numbers to confirm this view for the target SINR ranges imposed by PUCCH f1bwCS.
2.2 Coverage Enhancements
In [1] it is argued that even if PUCCH link budget is increased due to TxD, this will anyhow not increase the system coverage as it was identified in the scope of the “Coverage Enhancements Study Item” that PUCCH is not the limiting factor for coverage, so that PUCCH gains due to TxD are overshadowed by other factors with respect to coverage.

Referring to the latest status of this “Coverage Enhancements Study Item” [3], we extract the summary as follows:
1. LTE with 2Tx&2Rx at base station and 1Tx&2Rx at UE

· UL is the limiting factor in terms of coverage
· PUSCH (medium data rate) is poorer than other channels, with significant gap observed.

· <…>

· PUSCH (VoIP) is the potential limiting factor, especially with relaxed performance targets for PRACH/Msg3. 

· PUCCH channels are well balanced in general.

· Imbalance between PUCCH formats may exist, with PUCCH format 1a repetition.

· The coverage of DL is better than UL in general
And one of the conclusions drawn from this is to:

Further investigate coverage enhancements for medium data rate and VoIP in UL with first priority, and for Msg3 with second priority.
So we note that PUSCH VoIP (AMR 12.2 kbps) traffic channel is limiting the coverage and that there is an initiative to improve it by further study. 
Assuming the PUSCH coverage will be improved, there is a chance that PUCCH could become a limiting factor in the future, but this seems too remote to motivate alone the introduction of TxD at the current time if there are no other compelling motivators.
It should also be noted that the aforementioned study is based on “1Tx&2Rx at UE”, so that any improvements already available to PUCCH by Rel’10 TxD are obviously not included in the resulting statement “PUCCH channels are well balanced in general”.

2.3 Power savings

If by LTE system design limitations or by deployment choice it is not possible to directly translate the 1dB PUCCH 1bwCS link level gain from TxD into a deployment parameter improvement, it might be possible to improve the user experience by increased battery life from it.
Quantifying the power saving potential from PUCCH format 1bwCS TxD and questioning if it translates to user experience improvement would be helpful to facilitate progress with the decision. In general we consider that it is doubtful whether a 1dB reduction in transmitted output power translates into any noticeable increase in UE battery life. 
It could be noted, however, that for simultaneous transmission of PUCCH and PUSCH (for UEs which support this mode of operation), power savings of PUCCH would also benefit PUSCH in power limited scenarios.
3. Conclusion
LTE system design considerations seem to hinder the translation of the observed 1dB link level gain from PUCCH 1bwCS TxD to the system parameters Capacity and Coverage. As LTE is subject to constant improvement, there are chances those limitations will be different at some point in the future, but nevertheless for the time being, no significant gain from TxD for those two parameters can be shown. Further study would be needed to potentially change this position. The other potential justification for the introduction of PUCCH f1bwCS TxD, namely UE battery life improvements arising from reduced transmit power, would need to be quantified before any conclusion could be drawn about whether they are sufficient to motivate the introduction of this feature.

Proposal:
Try to reach consensus on how and if the link level gain (around 1dB) from PUCCH format 1b with channel selection TxD translates to a significant gain in the three aspects Capacity, Coverage and Power Savings.
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