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1.
Introduction

The RAN meeting #50 approved a new work item tasking the working groups to “specify 5-8 cell HSDPA operation in combination with MIMO” ‎[1]. The work is a natural continuation of the multicarrier HSDPA path seen in Rel-8…Rel-10, and it seems safe to assume that RAN1 has relatively good understanding of what needs to be done in order for the physical layer specifications to extend the support to up to 8 carriers in Rel-11.
This document takes a look back at what was done for the Rel-10 support of 4 carriers, and takes a first attempt at assessing how the same structures can be applied to support 5-8 carriers.
2.
Discussion
2.1
Downlink physical channels – HS-SCCH and HS-PDSCH
The HSDPA multicarrier operation of Rel-10 operates on a stand-alone basis, i.e. each carriers’ HS-PDSCHs are assigned on a backwards compatible HS-SCCH on that carrier. The multicarrier operation did not add any data transmission related requirements on the downlink physical channels. That is – the same HS-SCCH and HS-PDSCH structure is used whether the UE is configured to operate in single carrier or in a multicarrier mode. This approach would be natural also when extending the support of the physical layer for 8-carrier HSDPA..

The only downlink physical layer change related to the dual and 4-carrier HSDPA operation was related to the activation and deactivation of the secondary HSDPA carrier reception by the UE. Again it appears natural to extend this to up to 7 secondary cells. This is achieved by introducing additional HS-SCCH orders to serve the purpose.

Proposal 1: The HS-PDSCH on a carrier is assigned to a UE with a HS-SCCH on that carrier – the Rel-7 designed HS-SCCH and HS-PDSCH structures are used without modifications
Proposal 2: The HS-SCCH orders need to be extended to support secondary cell activation/deactivation for up to 7 secondary cells.
2.2
Uplink physical channels – HS-DPCCH
The single biggest RAN1 related task in the introduction of 4-Carrier HSDPA operation was the uplink feedback design. Intorducing the 4-Carrier HSDPA with MIMO on top of Dual-Carrier HSDPA with MIMO brought in a second HS-DPCCH slot format, 16 new CQI reporting modes, two new ACK/NACK code books, and 8 new ACK/NACK reporting modes. Obviously such exponentially increasing number of uplink feedback modes is not feasible and RAN1 should not aim at designing a different uplink feedback mode for each individual case. Thus the support for 5-8 carriers should build using the existing structures as far as possible.
HS-DPCCH slot format combinations in Release 10
	Number of carriers configured
	MIMO configured on at least one carrier 
	HS-DPCCH Slot Format

	1
	No/Yes
	0 (SF256)

	2
	No/Yes
	0 (SF256)

	3
	No
	0 (SF256)

	
	Yes
	1 (SF128)

	4
	No/Yes
	1 (SF128)


As the aim of the work item was to be able to support 8 carriers in downlink together with only a single uplink carrier, two straight forward solutions seem to exist: Either introduce a new SF64 HS-DPCCH format, or use two SF128 HS-DPCCHs. From flexibility and design reuse perspective it may be more attractive to use 2xSF128. A third alternative would be to consider completely re-designing the uplink feedback, but that option does not look very attractive given the extensive legacy design that can be reused.

The second question is how to support the 8 carriers without MIMO. The ACK/NACK could potentially be fitted in the Rel-10 4-carrier HSDPA + MIMO structure, but due to 8 independent HS-SCCHs a new, larger code book would be needed. Similarly the 8 CQI reports could be fitted in the 4-carrier MIMO CQI reports, but that would be deviating from the Rel-10 approach. Thus at the first glance it looks as if the 8-carrier non-MIMO case would be better off using the same structure as is used for 8-carrier MIMO case.
When the 8-carrier designs have been agreed in more detail, the necessity for finding anything additional for 5, 6 or 7 carriers should be looked at, but unless there is a significant benefit for an intermediate structure, the basic 8-carrier structure should be simply downscaled.
Proposal 3: The 8-carrier HSDPA with MIMO should use either SF64 HS-DPCCH or 2xSF128 HS-DPCCH

Proposal 4: Consider using the 8-carrier HSDPA MIMO feedback structure also with the 8-carrier HSDPA without MIMO.

Proposal 5: The primary aim for 5-7 carrier cases should be to use the 8 carrier HS-DPCCH design as is.  
3
Conclusions
In this contribution we have taken the first look at the RAN1 impacts of the 8-Carrier HSDPA work, and make the following proposals:
Proposal 1: The HS-PDSCH on a carrier is assigned to a UE with a HS-SCCH on that carrier – the Rel-7 designed HS-SCCH and HS-PDSCH structures are used without modifications
Proposal 2: The HS-SCCH orders need to be extended to support secondary cell activation/deactivation for up to 7 secondary cells.

Proposal 3: The 8-carrier HSDPA with MIMO should use either SF64 HS-DPCCH or 2xSF128 HS-DPCCH

Proposal 4: Consider using the 8-carrier HSDPA MIMO feedback structure also with the 8-carrier HSDPA without MIMO.

Proposal 5: The primary aim for 5-7 carrier cases should be to use the 8 carrier HS-DPCCH design as is.
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