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1. Introduction

The time available in the UE from receiving a DL assignment to transmit the corresponding HARQ-ACK is reduced when scheduled using an ePDCCH compared to the PDCCH. Hence, there was an agreement at RAN1#68 to restrict the maximum number of bits that can be received in a TTI:
· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))
In this contribution, we discuss this issue further and give our views and proposals.
2. When to apply a restriction

In the RAN1 discussion, there have been different voices on whether a relaxation of the processing requirements is necessary. This is understandable since this is a highly implementation dependent issue and different implementations are made with different requirements and thus have different capabilities. Also, it is understandable that there is a benefit to capitalize further on existing designs that has been made for the low category UEs existing on the market today. It should be noted that as technology advances in time, and new designs are made for more demanding higher UE categories, this issue will become less important so it should be seen as a temporary relaxation for implementations based on e.g. Rel.8 PDSCH processing time requirements. 

Furthermore, a number of new features have been added in Rel.9-11 which also put higher demands on the UE processing capabilities in general. For instance, carrier aggregation, up to 8 layer DL MIMO and 4 layer UL MIMO and more recently CoMP and CRS interference cancellation. As some of these new features are optional for the UE, the range of the processing power of the UEs of Categories beyond 4 and releases beyond Release 8 will be largely depending on what is implemented and supported by a particular UE. 

For these reasons, it is not necessary to have a restriction on the number of TrCH bits for all UEs, instead it is more natural for it to be a physical layer parameter signaled as a capability for the UE similar to e.g. Maximum number of supported layers in the DL.  

Proposal 1: Whether a restriction on the maximum number of TrCH bits receivable in a TTI is applied is signaled as a UE capability 

This would then allow for less restrict requirements on the implementation for terminals based on e.g. Rel-8 PDSCH processing time requirements or for terminals that prioritize processing power and battery consumption to implement other features as those mentioned above.  

As mentioned above, with new releases and when new UE categories are designed and becomes available on the market, the need for a TrCh restriction is unnecessary since they anyway need to be based on new designs to cope with the significantly larger DL throughputs. 

Proposal 2: The UE capability that restricts the number of TrCh bits applies only for Rel.11 UEs of the lowest UE categories. Exact details are FFS. 

Since the time advance (TA) support round trip times that allow cells of up to 100 km range, there is some “available” additional PDSCH processing time for UEs in cells with significantly smaller range. As most cells are much smaller and have low round trip times, it has been suggested in the RAN1 discussions that the UE can “borrow” this unused time to instead process the PDSCH in case the UE is scheduled from an ePDCCH.  In this case the restriction on the maximum TrCh bits could be further conditioned on the TA value.  Even though this is possible in theory, it may not work so well in practice since the eNB does not reliably know the TA value since the MAC messages adjusting the TA does not have ARQ. This leads to an ambiguity between UE and eNB if the TrCH restriction is applied which is unacceptable. Furthermore, it leads to additional book-keeping in the eNB to manage absolute TA values for all the UEs in the cell.  Therefore, we suggest that there should be no dependence between TrCh bit restriction and the TA value, i.e. when a UE signals as a UE capability that it needs a restriction according to Proposal 1, this restriction always applies. 

Proposal 3: The TA or RTT values are not used to determine whether a restriction of TrCh bits is applied.

3. How to apply a restriction

As discussed in previous section, a restriction should be applied for some UEs to allow a relaxation of the processing requirements for the UE. How to perform this restriction needs to be further discussed in RAN1. A guideline should be that the impact on DL throughput is minimized by adopting a rule that gives minimal TrCh reduction whenever applied.
One way to relax the processing requirements of a UE category is to simply set a maximum number of PRB pairs that can be allocated for it, similar to what has been done previously in terms of layers. Since many computationally demanding parts of the receiver chain are agnostic to the number of transport block bits a restriction on TBS would be a crude way to relax overall processing requirements. By putting a cap on the number of PRBs for certain UE classes a more consistent relaxation may be applied throughout the whole receiver design which for example may enable less relaxation in certain parts, e.g. the Turbo decoder and overall higher throughput. Hence, we propose:

Proposal 4: Consider further if relaxation of the processing requirements of the receiver components the restriction should be put in terms of allocated PRB pairs.
4. Conclusion

Based on the discussion in this contribution, we can summarize by listing these proposals below for decision on when a restriction is applied. For the issue on how a restriction is applied and by how much, we think a general rule should be to achieve minimal reduction and in most relevant scheduling cases no reduction at all if possible. 
Proposal 1: Whether a restriction on the maximum number of TrCH bits receivable in a TTI is applied is signaled as a UE capability 

Proposal 2: The UE capability that restricts the number of TrCh bits applies only for Rel.11 UEs of the lowest UE categories. Exact details are FFS. 

Proposal 3: The TA or RTT values are not used to determine whether a restriction of TrCh bits is applied.

Proposal 4: Consider further if relaxation of the processing requirements of the receiver components the restriction should be put in terms of allocated PRB pairs.
