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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.  This contribution further discusses this objective.
2          Discussion
2.1
Downlink control signalling

The increase in number of HSDPA carriers can increase the downlink throughput by a factor equal to the number of carriers.  Due to the fact that the system is based on multiple carriers that are effectively independent at the physical layer, the amount of L1 signalling required to support these additional carriers also generally increases by approximately the same factor (although some small aspects of signalling in the downlink is carried by a single physical channel on one carrier to support all configured carriers, e.g., the HS-SCCH order to activate/deactivate secondary carriers).   Since the capacity in the downlink increases with the number of carriers, this increase in signalling is easily supported.  
2.1
Uplink control signalling

Since multi-carrier HSDPA needs to operate with a single uplink carrier, the uplink signalling is also required to carry signalling for all downlink carriers, notably the feedback carried by the HS-DPCCH.  In 4C-HSDPA, the codebook for the ACK/NACK approximately doubles in size compared to that of DC-HSDPA, and this reduces the Hamming distances between codes.  The amount of CQI/PCI feedback in 4C-HSDPA also doubles compared to DC-HSDPA.  Here, a higher capacity HS-DPCCH using a lower SF (i.e. SF128 compared to SF256 in DC-HSDPA) is used.  The use of higher capacity HS-DPCCH (i.e. SF128) requires higher transmit power from the UE to achieve the same performance as that of a lower capacity HS-DPCCH (i.e. SF256).
8 carrier HSDPA is going to further increase the signalling load of control channels such as HS-DPCCH that is responsible for carrying feedback for all downlink carriers.  If the same exercise as moving from DC-HSDPA to 4C-HSDPA is performed, a new ACK/NACK codebook with smaller Hamming distances and a higher capacity HS-DPCCH (e.g. SF64 format) are required.  
Alternatively, the signalling load of a single HS-DPCCH can be reduced by spreading the load over two or more HS-DPCCHs.  However, the use of multiple (2 x SF256) HS-DPCCH codes in a single carrier has been studied in 4C-HSDPA (e.g. [2] & [3]), where it is concluded this results in higher Cubic Metric leading to reduced coverage as compared to using a single SF128 HS-DPCCH of higher capacity.  Instead of spreading the signalling load over multiple HS-DPCCH in a single carrier, the load could be spread over multiple HS-DPCCH in two carriers, i.e. one HS-DPCCH per carrier.  For 8C-HSDPA operation, each HS-DPCCH would support at most 4 carriers if the Rel-10 HS-DPCCH for 4C-HSDPA is to be reused.  The use of 2 HS-DPCCH over 2 carriers would require 8C-HSDPA to operate with DC-HSUPA.  In this case, the deactivation of the secondary uplink carrier would restrict the UE to operate with not more than 4 downlink carriers.  Furthermore similar to using a lower SF (e.g. SF64) for HS-DPCCH, transmitting multiple HS-DPCCH does not reduce the UE transmit power. 
Following this trend, if higher carriers beyond 8 carriers are introduced in the future, the HS-DPCCH will continue to have reduced performance and ever higher UE transmit power be needed to support control signalling.  Therefore it is desirable to break this trend and limit the signalling load of the HS-DPCCH.
2.2
Pairing of Carriers

Since an ACK/NACK is required for each HSDPA TrBlk, the size of the ACK/NACK codebook can be reduced if the number of HSDPA TrBlks is reduced.  This can be done by sending a HSDPA TrBlk over multiple carriers, for example in Figure 1, where each TrBlk occupies 2 contiguous carriers.  The TrBlk occupying 2 carriers can have a larger size than those in Rel-10(increasing in proportion to the number of carriers used to carry a TrBlk).  There may be some additional coding gain to be achieved from such a method, and hence at least the same throughput could be achieved using fewer TrBlks.
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Figure 1: Transmitting a TrBlk over 2 carriers in 8C-HSDPA
Pairing of carriers would not be required if the number of configured carriers were 4 or less since the existing Rel-10 format could be fully reused.  The carriers within a pair should ideally be contiguous since it is more likely that adjacent carriers would have similar radio propagation conditions.  This also allows for a single CQI or PCI to be used for each pairing.

If each paired carrier is treated like a Rel-10 carrier, that is, only a single set of ACK/NACK, CQI and PCI is required, then the Rel-10 HS-DPCCH used for 4C-HSDPA can be fully reused.  Since no additional signalling load is added to the HS-DPCCH, there would be no need to increase the capacity of the existing HS-DPCCH and no additional UE transmit power required to maintain the same demodulation performance for HS-DPCCH.  If CQI and/or PCI are required for each carrier, a longer CQI/PCI update cycle could be used instead of increasing the signalling load carried by a single HS-DPCCH.

For 8C-HSDPA, a maximum of 2 carriers per TrBlk is sufficient to fully reuse the Rel-10 formats.  A mixture of paired and unpaired carriers is possible as long as the number of TrBlks does not exceed that in 4C-HSDPA.  This would be useful when the number of configured carriers cannot be divided equally to two or if the carriers are spread over 2 bands.  An example is shown in Figure 2 where 6 carriers are configured over 2 bands.  Here an “entity” is defined as a group of carriers used to carry a TrBlk.  To maintain a maximum of 2 carriers per TrBlk and paired adjacent carriers, the 6 carriers are combined to 4 entities, where 2 of the entities contain 2 carriers whilst the remaining 2 entities contain only one carrier.    
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Figure 2: Mixture of paired and unpaired carriers in dual band operation

3          Conclusion
If the principles followed for extension of HSDPA from 2C to 4C are continued for 8C, the signalling load, complexity (e.g. of the HS-DPCCH codebooks) and control signalling power requirements will continue to grow in proportion to the number of carriers.  This is not an acceptable or realistic way to continue to evolve HSPA. 

We therefore propose that, to reduce HS-DPCCH load and allow full reuse of existing Rel-10 HS-DPCCH formats for 4C-HSDPA, RAN1 should study the following options for a way forward:
1. Requiring the use of two uplink carriers, each carrying an HS-DPCCH; 

2. Pairing of downlink carrierswith mapping of a single TrBlk to a pair of carriers, and a single feedback for the pair of carriers. 
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