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1
Introduction

On the topic of bandwidth aggregation of up to 100 MHz, RAN1 TR 36.814 states the following: 
From a UE perspective, there is one transport block (in absence of spatial multiplexing) and one hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only. A UE may be scheduled over multiple component carriers simultaneously.

In this contribution, we look at some of the impacts of this decision on RAN2. 

2
MAC-layer impacts of using one HARQ entity per component carrier

There is no reason to statically map the logical channels to HARQ entities and restrict the set of HARQ entities that can be used by a given logical channel, because doing so will reduce the peak throughput when, for example, only one logical channel has data to transmit and the UE can be scheduled on all component carriers. 

Conclusion 1: No static mapping or restriction of HARQ entities that can be used by a given logical channel

Because a given HARQ entity is restricted to only one component carrier, HARQ retransmissions have to be restricted to the same component carrier. This does seem to restrict scheduler flexibility, and it may prevent the scheduler from giving priority to retransmissions. For example, if the scheduler is only able to find resource blocks in a different component carrier, it will be unable to prioritize retransmissions. An alternative approach would have been to have one HARQ entity, but multiply the number of HARQ processes by the number of component carriers available in the cell. However, this approach results in compromising the backwards compatibility because the HARQ process id space would now have to be increased. We recommend that RAN2 discuss this issue, and decide whether the restriction of one HARQ entity per component carrier reduces scheduler flexibility substantially. 
Conclusion 2: Current RAN 1 agreement would force retransmissions to be on the same component carrier. RAN 2 can discuss if this is too stringent a restriction on the scheduler function. 

The current RAN1 agreement of using one HARQ entity per component carrier implies that the functional structure for DL and UL, respectively, get modified as given in the following figures, where the number of HARQ entities per UE are given by the minimum of the number of component carriers that the UE and eNB can handle.  

Conclusion 3: Layer 2 structures for LTE-A DL and UL have been updated as per the latest RAN1 agreement
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Figure 1: Layer 2 structure for LTE-A DL
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Figure 2: Layer 2 structure for LTE-A UL
The multiplexing layer multiplexes data belonging to different logical channels into the one or more transport blocks meant for different component carriers. To minimize MAC header overhead it is preferable to minimize the number of logical channels multiplexed in the same transport block. For example, if data belonging to five logical channels are scheduled to be transmitted in a sub-frame, the worst-case scenario from a MAC header point of view would be to multiplex the data of each logical channel on every transport block. This would result in unnecessary MAC header overhead. In the above example, in the worst case, some data belonging to each of the five logical channels may be sent on each transport block, resulting in an overhead of potentially 4 (= number of logical channels -1) *3 (= bytes for 15-bit length field format) + 1 (= bytes for the no-length field header for the 5-th logical channel) =13 bytes per transport block, or 13*5 = 65 bytes of overall MAC header. On the other hand, the worst-case overhead using an intelligent multiplexing scheme would be limited to 4 (= 3 bytes for 15-bit length field format for one LC plus one byte for no-length field format for the other LC) *5 (exactly two logical channels are multiplexed in each transport block, and padding in the last transport block) = 20 bytes of overall MAC header. Therefore, it is recommended that some guidelines be provided to reduce the number of logical channels that are multiplexed in a transport block. For example, the guideline might be to drain the data of one logical channel before the data of another logical channel is multiplexed in the same transport block. 
Conclusion 4: Provide recommendations on how to multiplex data belonging to different logical channels on different HARQ blocks to reduce MAC-layer overhead

3
Conclusions
Conclusion 1: No static mapping or restriction of HARQ entities that can be used by a given logical channel

Conclusion 2: Current RAN 1 agreement would force retransmissions to be on the same component carrier. RAN 2 can discuss if this is too stringent a restriction on the scheduler function
Conclusion 3: Layer 2 structures for LTE-A DL and UL have been updated as per the latest RAN1 agreement

Conclusion 4: Provide recommendations on how to multiplex data belonging to different logical channels on different HARQ blocks to reduce MAC-layer overhead
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