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1 Introduction

A WI on 8C HSDPA was approved in RAN#50 [1].  The WI aims to allow 5-8 carriers for HSDPA operation in a NB.  This feature shall reuse as much as possible the functionality defined in previous releases notably 4C-HSDPA.  It was agreed at RAN1#63bis [2] that 8C HSDPA shall be designed so that it can operate with a single UL carrier. It is evident that the UL signalling for 8 DL carriers is going to be a challenge and some compromises will inevitably have to be made. 
Several companies have presented proposals [3], [4], [5]  to group downlink carriers in order to minimise the signalling overhead. In an accompanying paper [6] we outline one scheme. In this paper we further explore some implications of this scheme on HS-SCCH design.
2 Discussion
If the different 5C, 6C, 7C and 8C HSDPA configurations have their carriers grouped into exactly 4 carrier-entities by RRC configuration, the amount of HS-SCCH information that needs to be signalled is reduced compared to the case when separate carriers are configured…separately..
2.1 Number of HS-SCCHs per Entity 

A key question is whether there should there be a single HS-SCCH for each entity or one HS-SCCH for each carrier within an entity.  A single joint HS-SCCH for an entity of a pair of carriers would require a new HS-SCCH format to be designed, but it would have the benefits of reducing the number of HS-SCCHs needing to be monitored (by the UE), reducing the channelisation code usage, and reducing the total signalling overhead.  
We therefore propose: 

Proposal 1: A single HS-SCCH is transmitted per carrier-entity. 
Four alternatives could be considered for the transmission of the single HS-SCCH:
1) HS-SCCH in one of the carriers within the entity and the NB is free to send the HS-SCCH on either of the carriers.  The UE has to monitor both carriers for the HS-SCCH.  The advantage of this is that NB has flexibility in selecting the carrier for the HS-SCCH.  However, UE has to monitor both carriers for the HS-SCCH, which removes some of the benefit of having a single joint HS-SCCH per entity.

2) A master carrier to carry the HS-SCCH is defined within the entity, where the master carrier is defined implicitly (for example, the lower carrier.  This avoids the need to signal which carrier is the master within an entity.  However, it leaves no flexibility for the NB to select the carrier for the HS-SCCH.

3) An master carrier to carry the HS-SCCH is defined within the entity, where the master carrier is explicitly configured by RRC.  This allows the network to distribute the HS-SCCHs among the carriers within the entity (e.g. 50% of UEs use carrier 1 and the remaining UEs use carrier 2 for HS-SCCH).

4) Instead of transmitting HS-SCCH on a single carrier, spread the HS-SCCH over both carriers in the entity.  This could in theory increase the gain of the HS-SCCH.  However, this would also require a new format, and the UE would have to look at both carriers to check for HS-SCCH.  

The third option seems preferable.
Proposal 2: The carrier that carries the HS-SCCH for a carrier-entity is configured by RRC signalling.

2.2 HS-SCCH Design
The HS-SCCH will need to signal the code allocation for up to 30 codes, where each carrier can have different number of codes.  

The simplest method for this would be to duplicate the Rel-5 CCS signalling scheme, thus using 14 bits. 

Proposal 3: The Rel-5 CCS signalling is duplicated to signal the total code allocation on the two carriers of a carrier-entity. 
3 Conclusion
A design for 8C-HSDPA with 1 UL carrier, where the carriers are grouped into exactly 4 carrier-entities, can be achieved re-using much of the 4C-HSDPA design. In this paper we have discussed some aspects of the HS-SCCH design for such a scheme. We propose: 
Proposal 1: A single HS-SCCH is transmitted per carrier-entity. 

Proposal 2: The carrier that carries the HS-SCCH for a carrier-entity is configured by RRC signalling.

Proposal 3: The Rel-5 CCS signalling is duplicated to signal the total code allocation on the two carriers of a carrier-entity. 
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