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1. Introduction

The current agreement is HARQ is supported in SHO.  In this document, we discuss the number of simultaneous reception of Acks in SHO.
2. Discussion
2.1. On-off keying for self-decodable IR and BPSK for non-self decodable IR
In [2], Qualcomm suggested on-off-keying from all cells be the working assumption for HARQ signalling when a UE is in inter-Node-B SHO. We agree this view from their simulation result. In addition, another argument to support OOK in SHO on the condition that self decodable IR in SHO is 

1) In SHO, all cells may not receive uplink transmission. Correct reception by all cells means too high transmission power of UE. In such case, the cell(s) which does not receive anything in uplink does not transmit anything in downlink, i.e. NAK cannot be transmitted. To support such case, OOK transmission energy is in any way required, i.e. that's not BPSK condition.
2) If too many UEs send EDTCH but in case of Node B does not have enough decoding resource and/or power or code resource to send Ack/Nack to these EUDTCH, OOK allows the possibility not to send anything. BPSK always require downlink resource in spite of downlink traffic heavy situation.

From above discussion, we support OOK in inter-cell SHO. In the past, RAN1 has discussed to use exact knowledge of SHO is complex for the self-decodable IR or non-self decodable IR. Instead of direct usage of SHO or not, code rate or data size could be used. The same criteria could be used for OOK or BPSK. That is Node B responds as OOK in self decodable IR and BPSK in non-self decodable IR. In the other word, if Node B receives self decodable IR and decoding is NG, DTX is sent. If Node B receives non-self decodable IR and decoding is NG, NAK is explicitly sent. Then, we discuss based on this. 
2.2. Comparison of shared code channel approach
As discussed in [1], downlink signalling can be multiplexed on existing channel or new code channel. Less impact to existing channel is important factor. The new code channel approach has a merit for co-existence with fractional code study. Therefore, we further discuss on the scheme on downlink signalling on a new code channel.

In a new code channel approached, there are two approaches. One is dedicated code channel and the other is shared code channel. We think dedicated code channel require too much code resource. Therefore, we further discuss on the scheme on shared code channel.

On shared code channel approach, again there are two approaches. One is to allocate mutually orthogonal symbol patterns to identify and carry signalling for each UE (i.e. code multiplexing). The other is symbol pattern is encoded by kind of colour code similar to HS-SCCH (UE specific masking). We compare two schemes in this document. To allocate different time periods are always possible in on top of different approaches. Therefore, we exclude the discussion at this document.
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Figure 1. DL signalling approaches
Our understanding is "code multiplexing by mutually orthogonal symbol pattern" and "colour code approach" cannot operated simultaneously on one code because orthogonal symbol approach requires specific symbol pattern but colour code approach require full flexibility of symbol pattern. 
In orthogonal symbol pattern approach, you can transmit as many Acks simultaneously as you have codes. If you have for example 16 Codes (16 symbols) you can transmit 16 Acks simultaneously. On the other hand, longer orthogonal sequence improves code efficiency but too long orthogonal sequence would lose orthogonality because of the change of channel condition. Therefore 16 to 20 symbols (at SF=256) are probably good compromise. This means 20 UEs can be supported by one SF256 code resource. 100 UEs can be supported by 5 SF256 code resources.
With the colour code approach you are not limited in the number of UEs. The merit is that the number of UEs supported by one color code is not limited like 16 to 20. But the demerit is you can transmit only as much Acks simultaneously as you have colored codes. In addition, in order to support simultaneous transmission of Acks, UE are required to receive multiple codes. Therefore, preferred scenario of these approaches is following.

- Orthogonal code approach

Number of UEs in a cell is relatively low but almost all UEs may simultaneously transmit EUDTCH. This is more suitable for rate scheduling type scheduling.
- Colour code approach

Number of UEs in a cell is relatively high but only a few of UEs transmit EUDTCH. This is more suitable for time/rate scheduling type scheduling.
2.3. Number of Acks UE shall be supported
When we consider all cells uses colour code approach in SHO, let's calculate the number of required codes. If we assume the same number of active cells with R99 DPCH channels to prevent link imbalance, 6 cells are possible list. If we further assume the same number of simultaneous transmission of Ack/Nack with HS-SCCH to allow multiple possibility of transmission code, UE is required to receive 4 codes from one cell.

Therefore, the number of code to receive Ack/Nack for SHO is

6 x 4 = 24 code.

24 codes simultaneous reception is required. We think just code reception of Ack/Nack itself is not so big burden for UE complexity but 24 code simultaneous reception looks too demanding. When we look for the case of simultaneous operation with HSDPA, additional reception of four HS-SCCH and DPCH are required. Then it means at least 28 codes. Depending on the category, it would be further increase for the reception of HS-DSCH.   

On the other hand, if all cells are orthogonal code approach, number of Acks UE shall support can be reduced. If 6 cells are supported, UE is still only required to receive 6 Acks.
In above discussion, we discussed Ack signalling. There is a proposal that relative grant and Ack are IQ multiplexed. Then, UE is not required to receive additional codes for relative grant. We support such proposal.
3. Conclusion
We discussed on Ack Nack aspect. We propose following: 
- OOK for self decodable IR and BPSK for non-self decodable IR.

- All cells use orthogonal code multiplexing approach for Ack.
- IQ multiplexing of relative grant and Ack.
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