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1 Introduction

At the RAN1#68 meeting, the multiplexing of EPDCCH and PDSCH was discussed. While the FDM-based approach was adopted, the details of restriction on maximum transport channel bits due to UE processing time constraint were left for further studies [1]:
· 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))

· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted

In this contribution, we provide our views on the abovementioned open issue.
2 Discussion
2.1 Time budget for HARQ process
When receiving a downlink assignment in subframe n, the UE should process the data and send the ACK/NACK in subframe n+4. Thanks to the TDM mode of PDCCH and PDSCH in the same subframe, the UE can start decoding PDCCH after, e.g. the third symbol (i.e. the last PDCCH symbol) of a subframe is received, while PDSCH is still being received. Such early-decoding ensure that the data processing latency requirement for HARQ is fulfilled.

However, according the agreement that FDM is adopted for EPDCCH, it means that EPDCCH spans both slots of the subframe. Consequently, the UE can start decoding EPDCCH only after the whole subframe is received, which means that the time budget left for UE’s PDSCH decoding upon reception of EPDCCH is tighter than that of PDCCH. Furthermore, the larger the distance is between UE and eNB, the less time budget the UE has for EPDCCH and PDSCH decoding.
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Fig. 1: Reduced time budget for PDSCH decoding upon the reception of EPDCCH.
It was agreed at the RAN1#68 meeting that restriction on maximum transport channel (TrCH) bits receivable in a TTI is applied for the UE to allow a relaxation of the processing requirements. However, details of how and when to apply the restriction are still FFS, which are discussed in the sequel.
2.2 Candidate solutions
Several options have been proposed aiming to resolve the abovementioned issues:
1) Specify the restriction of maximum TrCH bits for lowest UE category [2];
2) eNB puts the restriction on maximum TrCH bits in accordance with the RTT of UE [3];
3) UE skips decoding when the number of TrCH bits exceeds some thresholds [4]

 REF _Ref324402458 \r \h 
[5].
There have been many advanced features introduced since Rel-8, such as carrier aggregation, enhanced MIMO (up to 8 layers for DL MIMO and 4 layers for UL MIMO), CoMP, etc. Thus, for the high-category UE, the Rel-8 PDSCH processing time constraint does not seem to be a problem, since all the aforementioned advanced Rel-11 features impose higher requirements for the UE than the Rel-8 time constraint. Lowest-category UEs, however, may be sensitive to such time constraint. From this perspective, option 1) seems to be reasonable.
However, it should be noted that the UE implementation is based on the most stringent constraint in its category, i.e. supporting the maximum number of TrCH bits in the largest supported cell coverage (i.e. a 100 km cell radius corresponding to a RTT of 0.667 ms). Therefore, in the small or medium cells, e.g. those having coverage less than 15 km corresponding to a RTT of 0.1 ms only, it is likely that even for the lowest-category UE the time budget in the case of EPDCCH reception may still be maintained at a level similar to that of the PDCCH case. Restricting the maximum number of TrCH bits for the lowest-category UEs regardless of the radio signal’s propagation delay would result in unnecessary throughput loss, which is not desirable. Therefore, option 1) is not preferred.
Proposal 1: There is no restriction on the maximum number of TrCH bits receivable in a TTI for small or medium cell (e.g. RTT < 0.1 ms), even for lowest UE category.
On the other hand, option 2) tries to tackle this issue in a different way that is based on the RTT/TA. More specifically, the eNB will avoid scheduling large TB(s) to distant UEs (i.e. with large RTT), according to the maximum supported number of TrCH bits. This approach is straightforward, because the restriction is probably needed only for UE with large RTT/TA, as implied by Proposal 1.
Nonetheless, there are still some other aspects to be considered. The time constraint is a highly UE implementation dependent issue. When the restriction should be applied (i.e. how large the RTT threshold is) and what the restriction is (i.e. what the maximum number of TrCH bits is) is highly UE dependent and such information should be available at eNB. Consequently, some specification changes as well as signaling overhead are required.
It is worth noting that in most LTE deployments the cells’ radius does not exceed 2 km [3]. Furthermore, it is unlikely that a UE far from the eNB (thus is probably in lower SINR region) would be allocated a large TB size with a high-order MCS. Therefore, changing the specification only for optimizing such corner cases is not desirable.
Moreover, as it is pointed out in [2], the eNB is unable to know the TA value in a reliable manner. As a result, the scheduling decisions made upon the TA may not be sufficiently reliable. The additional book-keeping in eNBs for maintaining the absolute TA values for all UEs served by the cell is also not favourable. Therefore, option 2) is not preferred, either.
Proposal 2: The restriction on maximum TrCH bits should be under UE’s discretion.
Option 3) is a UE-centric solution that is similar to the current behavior of skipping decoding when the code rate of the initial transmission is larger than 0.93, as specified in [6]. More specifically, when the TA and the number of TrCH bits exceed the respective thresholds, the UE decides to skip the decoding of the PDSCH and responds to eNB with a NACK or DTX. This approach is beneficial from the perspective that minimal specification change is required. Moreover, the impact on UE implementation is minimized. The problem of option 3), however, is that the respective thresholds may need to be specified as the 0.93 case of PDSCH, which does not aligns with Proposal 2. Further, if the UE just simply discards the PDSCH, the eNB may not realize that the maximum number of supported TrCH bits exceeds the UE’s capability and still try to retransmit the same TB(s). In this case, the UE would never decode the block regardless of how many retransmissions were attempted by eNB.
Proposal 3: Skipping decoding of the PDSCH when the TA and the number of TrCH bits exceed the respective thresholds defined in specification is not preferred.
It is worth noting that unlike the option of skipping decoding PDSCH, where 0.93 is considered as a “non-decodable” threshold, the decoding of TB(s) exceeding the threshold may still be decoded successfully. To elaborate further, instead of simply skipping decoding the TB(s) that exceed the maximum supported size and TA, it is better for the UE to attempt decoding the received TB(s) [7]. If the decoding can succeed within the reduced time budget, the UE still sends ACK to the eNB. This may be achievable under good channel conditions with for instance a reduced number of turbo decoding iterations. Otherwise, the UE responds NACK to the eNB, then keeps decoding (while possibly combined with the soft bits of retransmission) and responding the results to the eNB at next HARQ retransmissions as in normal circumstances. By this way, even if the processing time of UE is constrained by the reduced time budget for large TB(s) in the presence of EPDCCH, the probability of successful decoding is expected to increase too. Thus, the peak data rate may still be achievable for UE in this case. Although the additional retransmissions may slightly increase the overhead, this is not a big issue, since transmission of large TBs under constrained time budget is expected to be a corner case, as pointed out earlier. As a result, there would be no RAN1specification change.
Proposal 4: The UE should keep decoding the received PDSCH and respond ACK if the decoding succeeds within the time budget. Otherwise, the UE continues decoding and feedback at the next HARQ retransmission as in normal circumstances.
3 Conclusion

In this contribution, we provide our views on the detailed design of restriction on maximum TrCH bits for the UE due to processing time constraint in the presence of EPDCCH. Based on the discussions, we propose that:
Proposal 1: There is no restriction on the maximum number of TrCH bits receivable in a TTI for small or medium cell (e.g. RTT < 0.1 ms), even for lowest UE category.
Proposal 2: The restriction on maximum TrCH bits should be under UE’s discretion.
Proposal 3: Skipping decoding of the PDSCH when the TA and the number of TrCH bits exceed the respective thresholds defined in specification is not preferred.
Proposal 4: The UE should keep decoding the received PDSCH and respond ACK if the decoding succeeds within the time budget. Otherwise, the UE continues decoding and feedback at the next HARQ retransmission as in normal circumstances.
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