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1
Introduction

In RAN1 meeting #54 in Jeju a set of CRs were agreed as RAN1 baseline for dual cell HSDPA operation on adjacent carriers WI. In the same meeting several options to improve uplink coverage for dual cell HSDPA were discussed. Purpose of this contribution is to discuss some of the proposed methods.
2
Discussion
Baseline agreed in Jeju for HS-DPCCH is such that separate HS-DPCCH codes are used for anchor and supplementary carrier feedbacks [1]. Two HS-DPCCHs are denoted HS-DPCCH1 and HS-DPCCH2. In case better coverage is needed then supplementary carrier can be switched off by either higher layer reconfiguration or by using HS-SCCH order. This way similar coverage compared to legacy HSDPA can be achieved even if UE is configured to dual cell mode. 
In Jeju meeting a new proposal was created for UL coverage improvement [2]. This proposal has the approach that HS-DPCCH2 would be transmitted only when absolutely necessary i.e. in case two ACK/NACKs would have to be transmitted simultaneously. CQI transmission would be handled so that CQI reporting period higher than 2 is used and thus CQIs can be multiplexed to HS-DPCCH1. Also ACK/NACK signaling would be done using only HS-DPCCH1 in case only one carrier was scheduled. This provides the advantage that in case only one carrier is scheduled the uplink coverage should be similar to legacy HSDPA. 
On the other hand this proposal has the drawback that in case both carriers are scheduled and for some reason only one ACK is received in node B then it can not be known which carrier was acknowledged. In this case data for both carriers must be retransmitted. This error case can happen either due to uplink HS-DPCCH or downlink HS-SCCH error. In downlink case detection of either of the HS-SCCH codes can be missed, hence assuming 1% HS-SCCH missed detection probability we end up to 2% error probability. Each error causes data retransmission in both carriers hence resulting to roughly 2% loss in throughput. It is notable though that retransmission would have happened on one of the carriers anyway due to HS-SCCH detection error. In uplink it is again possible that either of the HS-DPCCHs is missed. Missing HS-DPCCH1 causes only retransmission of anchor carrier data since node B knows that if ACK is received via HS-DPCCH2 then both carriers were received by the UE and the acknowledgement is meant for the supplementary carrier. If HS-DPCCH2 is missed then node B does not know which carrier was acknowledged by the UE and hence both carriers have to be retransmitted. Thus throughput loss caused by HD-DPCCH errors is roughly 1.5% assuming missed detection probability of 1% for each HS-DPCCH. Again 1% of errors would be caused by errors in HS-DPCCH anyway. This is simple error analysis and taking into account only missed detection of both UL and DL channels but it should give idea of error probability added due to ACK/NACK multiplexing. This proposal was not agreed in email approval due to concerns raised that increased error cases caused by carrier ambiguity would not be acceptable.
One possible solution to overcome the problems of previously discussed method would be usage of MIMO style ACK/NACKs. In MIMO there are separate ACK/NACK code words for single and dual stream transmissions. They are not used simultaneously but node B always knows which type is transmitted based on the fact whether dual streams were scheduled or not. Unlike in dual cell missed detection of either of the control channels does not need to be taken into account since MIMO utilizes single control channel both in UL and DL. 
If carrier ambiguity in dual cell is to be avoided by using MIMO style ACK/NACKs then dual stream ACK/NACKs must be used always and thus DTX indication is needed for the cases where only one carrier is scheduled. Adding DTX indication requires four additional code words. Adding four additional code words would increase code rate of ACK/NACKs significantly. Code rate is already much higher than in non-MIMO case so coverage of dual cell would be reduced compared to legacy HSDPA. Also new code should be decided for dual cell HS-DPCCH.
Another approach would be re-using existing MIMO ACK/NACK coding. This approach has the drawback that all eight codewords are not designed to be used simultaneously and hence code word distances between some code words are remarkably low as shown in Table 1. Also code words for pre and post ambles would be lost which is not seen desirable. If this option is chosen then it recommended that new code words are used for supplementary carrier single ACK/NACK so that PRE and POST code words are maintained. Addition of two code words should be possible so that minimum code distance is not reduced as it is already relatively low.
Table 1 Code word distances of MIMO ACK/NACK coding
	
	ACK
	NACK
	{ACK ACK}
	{ACK NACK}
	{NACK ACK}
	{NACK NACK}
	PRE
	POST

	ACK
	0
	10
	3
	3
	3
	7
	7
	7

	NACK
	10
	0
	7
	7
	7
	3
	3
	3

	{ACK ACK}
	3
	7
	0
	6
	6
	6
	6
	6

	{ACK NACK}
	3
	7
	6
	0
	6
	6
	6
	6

	{NACK ACK}
	3
	7
	6
	6
	0
	6
	6
	6

	{NACK NACK}
	7
	3
	6
	6
	6
	0
	6
	6

	PRE
	7
	3
	6
	6
	6
	6
	0
	6

	POST
	7
	3
	6
	6
	6
	6
	6
	0


3 Conclusions

It is proposed that discussion presented in this contribution is taken into account when decisions are done. Based on the discussion it is proposed that possible alternative solution to baseline need to be well understood before changing of baseline is considered.
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