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1. Introduction 
A Work Item for dual-cell HSDPA operation was approved at RAN#40. As the HS-DSCH from the two cells will be independent, the key challenge for this Work Item is the design of the control signalling. 

In this document we discuss the design of the HS-SCCH and HS-DPCCH to support dual-cell operation. 

2. HS-SCCH aspects

We assume fully independent scheduling between the two cells – unlike for the two beams in Rel-7 MIMO where if only transport block is transmitted it is always transmitted on the primary beam. For dual-cell operation, a single transport block may be transmitted on either carrier. 
Moreover, it is assumed that in case of simultaneous scheduling of both cells to a UE, the number of channelisation codes and modulation scheme in the two cells would also be independent in order to maximise scheduling flexibility. 

Consequently, there is less opportunity to save HS-SCCH signalling bits with dual-cell operation compared to with MIMO. We show below the comparison between MIMO and dual-cell operation, indicating number of bits required for 2 HS-SCCHs and for a single combined HS-SCCH.
	
	MIMO
	Dual cell operation

	
	
	Total bits required for independent HS-SCCHs
	Total bits required for a combined HS-SCCH
	
	Total bits required for independent HS-SCCHs
	Total bits required for a combined HS-SCCH

	Channelization-code-set information 
	Same between two beams
	14
	7
	Independent
	14
	14

	Modulation scheme and number of TrBlks
	Linked (MS on primary beam never lower order)
	4
	3
	Independent 
	4
	4

	Precoding weight information
	Only one indicator required
	2
	2
	Not applicable
	0
	0

	Transport-block size information
	Independent
	12
	12
	Independent
	12
	12

	HARQ process information
	Linked 
	6
	4
	Could be linked
	6
	4

	RV and CV (including NDI)
	Independent
	4
	4
	Independent
	4
	4

	UE identity
	Same
	32
	16
	Same
	32
	16

	Totals:
	
	74
	48
	
	72
	54

	Saving from combined HS-SCCH
	
	35%
	
	25%


It can be seen that for dual-cell operation although the saving from a single combined HS-SCCH is reduced compared to the MIMO case, a 25% saving is still possible, arising from the common CRC / UE ID, and the linkage of the HARQ process IDs. More importantly, as the DL is generally code-limited not power-limited, the number of SF128 codes used for HS-SCCH could be halved. This was a major motivation in selecting the single combined HS-SCCH for Rel-7 MIMO. 
For dual-cell operation, the DL OVSF code space is more than doubled by the provision of a second carrier which does not have to carry all the channels which have to be carried in a normal cell. Therefore the need to avoid doubling the number of HS-SCCH codes is not so critical as it was in the MIMO case.
If a single HS-SCCH approach were to be chosen, the HS-SCCH set for each UE could be semi-statically configured to be on in either one cell or the other. By carrying the HS-SCCHs for some UEs in one cell and for other UEs in the other cell, the total number of SF16 codes available for data transmission could be maximised: if one cell would lose another SF16 code for HS-DSCH transmission by allocating another HS-SCCH, the HS-SCCH could instead be carried by the other cell, thus optimising the usage of the code trees in the two cells. In particular, the anchor cell which has to provide other channels is likely to risk blocking SF16 codes from HS-DSCH usage if too many HS-SCCH codes have to be provided. 
This principle could be adopted even if independent HS-SCCHs are adopted: each HS-SCCH in the monitored set of a UE would be configured by RRC signalling to relate to one cell or the other. Alternatively, the monitored set size could be reduced by means of one bit in the HS-SCCH part 1 to indicate which cell it related to.

3. HS-DPCCH aspects

The solution selected for the HS-DPCCH depends on the solution selected for the HS-SCCH. If a single combined HS-SCCH is selected, the Rel-7 MIMO design of HS-DPCCH can be almost completely re-used for dual-cell operation, with the exception that the PCI bits are not needed. This would avoid concerns regarding cubic metric arising from the transmission of multiple codes. 
If on the other hand independent HS-SCCHs are selected, the joint ACK/NACK signalling of the MIMO HS-DPCCH does not allow the possibility that only one of the HS-SCCHs was detected. This suggests that two HS-DPCCHs should be used to allow fully independent ACK/NACK signalling. 
However, a number of contributions have shown that the transmission of a second HS-DPCCH code channel has an adverse impact on cubic metric, which is undesirable for the cell-edge coverage which is expected for the increased bit-rate provided by dual-cell operation. 
It is possible, however, to avoid simultaneous transmission of the two HS-DPCCHs as much as possible by using time-multiplexing. 
In many cases CQI does not need to be transmitted in every subframe. If a reporting periodicity greater than one subframe is configured, a subframe offset could be applied to the CQI reporting pattern for one of the cells so that the CQI reports for the two cells never occur in the same subframes. A trade-off exists here between maximising DTX for battery saving purposes and maximising coverage. Making the subframe offset configurable by RRC signalling on a UE-specific basis would allow a cell-edge UE to benefit from the reduced peak power, while UEs closer to the centre of the cell could transmit their CQIs simultaneously and benefit from longer DTX periods. This is illustrated in Figure 1.
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Figure 1: Offset CQI reporting patterns
A similar approach is possible for ACK/NACK transmission, if one of the HS-DPCCHs is offset in time by one slot. This would mean that the ACK/NACK for one cell would be transmitted with the usual timing approx 7.5 slots after the end of the HS-DSCH packet, while the ACK/NACK for the other cell would be transmitted one slot later, in the first slot of the CQI field of the first HS-DPCCH. As the HS-DSCH HARQ scheme is asynchronous in the downlink, this one-slot delay at the UE would not impact the maximum number of HARQ processes required. This is illustrated in Figure 2.
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Figure 2: Delayed ACK/NACK transmission
If simultaneous transmission of 2 HS-DPCCHs is to be completely avoided, the proposal in Figure 2 would mean that CQI could not be transmitted in either of the slots used for ACK/NACK in each subframe. However, one slot remains, and this could be used for CQI transmission alternating between the two cells. Thus again a trade-off is possible to enable cell-edge UEs to benefit from not having to transmit simultaneous HS-DPCCHs at the expense of a reduced update rate for CQI. This is shown in Figure 3.
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Figure 3: CQI reporting in conjunction with staggered ACK/NACK
We suggest that the remaining CQI slot shown in Figure 3 could be used for transmission of a 4-bit CQI word. This is similar to the dual-stream MIMO CQI reporting, which uses a reduced granularity to enable the CQI to be coded with an average of 4 bits. This generally gives very acceptable accuracy for scheduling purposes, as at 1-2dB the granularity of the CQI reporting is not the limiting factor. This therefore would allow a 10,4 code to be used, which is a lower code-rate than is used for CQI/PCI reporting in Rel-7 MIMO.
4. Conclusions
For HS-SCCH:
· The need to avoid doubling the number of HS-SCCH codes is not so critical as it was in the MIMO case, but nevertheless a 25% saving in transmission power and a 50% saving in SF128 code usage can be achieved by adopting a single HS-SCCH for the two cells. 

· By carrying the HS-SCCHs for some UEs in one cell and for other UEs in the other cell, the total number of SF16 codes available for data transmission in the two cells can be maximised. 
· Regardless of whether a single HS-SCCH or independent HS-SCCHs are adopted, each HS-SCCH in the monitored set of a UE should be able to relate to an HS-DSCH in the other cell, either semi-statically by RRC configuration of the HS-SCCH, or dymamically by means of one bit in the HS-SCCH part 1 to indicate which cell it relates to. 

For HS-DPCCH:

· It should be possible to offset the CQI reporting patterns for the two cells, so that simultaneous reporting of two CQI values is avoided (except in the case of CQI being required in every subframe for both cells). 
· The ACK/NACK field for one cell should be able to be delayed by one slot to avoid simultaneous ACK/NACK transmission for the two cells. In this case, CQI is coded using a 10,4 code and transmitted for each cell alternately. 


· This configuration could be UE-specific, for example for cell-edge UEs.  
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