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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 this paper we further explore one such method which 

(a) fully reuses the 4C-HSDPA uplink signalling, and 

(b) avoids the signalling overhead increasing linearly as the number of carriers increases beyond 4, and 

(c) provides an extensible solution for the future.
2 Discussion
8C HSDPA is unlikely to be universally deployed, since not every network operator has, or is likely to have in the foreseeable future, the spectrum to operate 8 DL carriers. It is, however, evident that several network operators are currently deploying (or have plans to deploy) numbers of carriers per geographic cell, which exceed 4. These 5 and 6 carrier deployments, though not yet numerous, are addressing existing traffic growth. This tendency will continue. There is thus an addressable market for more than 4 carriers, though perhaps not a large one. 
2.1 Pairing of Carriers

We have previously [4] proposed sending an 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 is not required if the number of configured carriers is 4 or less since the existing Rel-10 format could be fully reused.  The carriers within a pair should preferably be contiguous since it is more likely that adjacent carriers would have similar radio propagation conditions.  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. When the total number of carriers is greater than 4, the total number of carrier-entities (paired and unpaired) should be 4, so as to enable reuse of 4C-HSDPA signalling. 
Proposal 1: Number of carrier-entities is 4.
We show some examples below for cases when the carriers are split across 2 bands (assuming that all the carriers within one band are contiguous, as required by the Work Item description). 

All 5C-HSDPA configurations can be configured as 4 carrier-entities:
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Figure 2: 5C HSDPA (1+4), example carrier-entity configuration.
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Figure 3: 5C HSDPA (2+3), example carrier-entity configuration.

All 6C-HSDPA configurations can also be configured as 4 carrier-entities:
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Figure 4: 6C HSDPA (1+5), example carrier-entity configuration.
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Figure 5: 6C HSDPA (2+4), example carrier-entity configuration.
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Figure 6: 6C HSDPA (3+3), example carrier-entity configuration.

All 7C-HSDPA configurations can also be configured as 4 carrier-entities:
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Figure 7: 7C HSDPA (1+6), example carrier-entity configuration.
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Figure 8: 7C HSDPA (2+5), example carrier-entity configuration.
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Figure 9: 7C HSDPA (3+4), example carrier-entity configuration.

For 8C, any combination with an even number of carriers in each band can be configured as four carrier-entities:
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Figure 10: 8C HSDPA (2+6), example carrier-entity configuration.
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Figure 11: 8C HSDPA (4+4), example carrier-entity configuration.

However, if there are an odd number of carriers in both bands when 8 carriers in total are configured, it is not possible to group them into exactly 4 pairs. Some possible solutions for this case could be:

a) do not support the case of 8 carriers configured with an odd number of carriers in both bands 

b) group 3 carriers into a single entity
c) group 2 carriers across the different bands

(b) does not seem preferable because it would require special interleaving behaviour and transport block sizes to be defined just for this one special case. 

(c) would be possible but sub-optimal in terms of performance due to the potentially different propagation characteristics. 
In view of the unlikely deployment of this case (especially 7+1), either (a) or (c) would be acceptable in our view. 

Proposal 2: The maximum number of configured carriers is 7 in dual band scenarios where the number of carriers in one of the bands is odd.
2.2 Physical Resources/ Transport Format in each Carrier of an Entity

The transport format on HS-DSCH comprises the number of channelisation codes and MCS. The loading on each carrier of an entity can be different, and therefore the number of codes used by a given transport block on each carrier of an entity across which the transport block is mapped should be able to be different.  
In some cases, the radio conditions and interference may also differ between the carriers of an entity, but with a single transport block mapped across two carriers the MCS would be the same on both. (in principle the modulation could be different, but this would introduce additional complexity and change the symbol mapping compared to Rel-5). The transport block would be interleaved across both carriers, and therefore some coding gain would be achievable. 

Therefore we would recommend: 
Proposal 3: The number of channelisation codes used by a given transport block on each carrier of an entity across which the transport block is mapped can be different on each carrier.
Proposal 4: The MCS is the same for a given transport block across both the carriers in an entity to which the transport block is mapped.  
2.3 RAN2 Impact

2.3.1 Transport block size

The use of larger transport block means that a new TFCI table needs to be defined.  The following options could be considered:

1) Define a new TFCI table where the minimum transport block size is not changed

2) Reuse existing TFCI table but use a scaling factor

3) Combine different TrBlk from existing TFCI table at the Transport Channel processing level.  This would avoid defining any new TFCIs but would require 2 RLC acknowledgements for each entity (assuming the carriers were paired).
The most straightforward approach which would allow fine granularity for small transport blocks as well as sufficient range for large transport blocks mapped across pairs of carriers would be to define a new table supporting a wider range of TFCIs.
Proposal 5: Ask RAN2 to define a new TFCI table supporting larger transport blocks up to twice the single-carrier size.

2.3.2 Handover
In a cell with 8C configured, it will not necessarily the case that all neighbour cells can also support 8C, nor that the pairing of carriers into entities would necessarily be the same in all neighbour cells. Therefore UE measurements for mobility should be done on a per-carrier basis. 
This should therefore have no impact on RAN2.
Proposal 6: Recommend to RAN2 that UE measurements for mobility should continue to be on a per-carrier basis.

2.4 Operation with 2 UL carriers.
When 2 UL carriers are configured, there seem to be 2 categories of solutions proposed:

Dual HS-DPCCH schemes:

· Re-use the Rel-10 4C-HSDPA, scheme, but twice, with two groups of 4C-HSDPA

· Redesign the Rel-10 4C scheme using some of the principles described here but allowing full utilisation of  2  SF 128 UL HS-DPCCHs, one on each UL carrier.

Single HS-DPCCH schemes:

· Re-use the HS-DPCCH scheme from the 1 UL carrier case
As a general principle, it is desirable not to specify two different mechanisms for basically the same mode of operation. Therefore we propose:

Proposal 7: The same HS-DPCCH solution is used regardless of the number of UL carriers configured. 
2.5 Other aspects

We have further proposals on HS_DPCCH design [6], Carrier activation and deactivation [7], and HS-SCCH [7].
3 Conclusion
A design for 8C-HSDPA with 1 UL carrier can be achieved re-using much of the 4C-HSDPA design, particularly the single SF128 HS_DPCCH channel and the HS-SCCH order codebook

This requires grouping (1 or 2) carriers into exactly 4 carrier-entities.
Proposal 1: Number of carrier-entities is 4.
Proposal 2: The maximum number of configured carriers is 7 in dual band scenarios where the number of carriers in one of the bands is odd.
Proposal 3: The number of channelisation codes used by a given transport block on each carrier of an entity across which the transport block is mapped can be different on each carrier.
Proposal 4: The MCS is the same for a given transport block across both the carriers in an entity to which the transport block is mapped.  

Proposal 5: Ask RAN2 to define a new TFCI table supporting larger transport blocks up to twice the single-carrier size.

Proposal 6: Recommend to RAN2 that UE measurements for mobility should continue to be on a per-carrier basis.

Proposal 7: The same HS-DPCCH solution is used regardless of the number of UL carriers configured.
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