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1. Introduction
At RAN1#68bis the need was identified to clarify details of how and when to restrict the maximum number of TrCH bits receivable in a TTI. This issue is addressed in this contribution.
2. Discussion
2.1. Background

When a UE is configured to receive PDSCH scheduled via ePDCCH, since ePDCCH spans the entire subframe, the time available for decoding the PDSCH is reduced compared with scheduling via PDCCH.  The available processing time between decoding the ePDCCH until ACK/NACK needs to be transmitted also depends on any timing advance applied between DL and UL frame timing.
It has been suggested that this problem can be solved by restricting the maximum number of Transport Channel bits receivable in a TTI under particular conditions. This document considers this and other potential solutions.

2.2. Processing steps for PDSCH reception
The processing time requirements for particular parts of the reception process are likely to depend on the implementation. However, at least the following processing steps are likely to be needed before an appropriate ACK/NACK can be generated:

1. At least one FFT over the system bandwidth to obtain received symbols for each RE in each OFDM symbol in the subframe
2. Several ePDCCH blind decoding attempts (including channel estimates) to receive the DL PDSCH assignment

3. Channel estimation for the subframe over at least the part of the system bandwidth corresponding to the DL PDSCH assignment

4. Extraction of received soft-bits for at least one PDSCH codeword

5. Multiple turbo-decoder iterations for at least one PDSCH codeword
6. Carry out a CRC test
In relation to the above we note the following points:

· For simplicity of explanation, other basic operations such as receive beamforming, combining soft-bits from HARQ re-transmissions are not explicitly considered above. 

· Some receiver architectures may be benefit significantly from a parallel processing/pipelined architecture (e.g. independent parallel signal processing for multiple receive antennas, carrying out multiple FFTs or decoding multiple codewords ).
· With a suitable receiver implementation the time needed for steps 1,2 and 3 can be lower when PDCCH is used, since initial FFTs are only needed for the OFDM symbols in the control channel region and the remainder of the FFTs can be carried out in parallel while the PDCCH is decoded. 
· Taking this approach, the overall additional time arising from using ePDCCH (or saved with PDCCH) would not be greater than the total time needed for control channel blind decoding.
· Steps 3, 4 and 5 may require more processing time if the size of the resource allocation and corresponding PDSCH codeword size are increased.
· The time required for step 5 may vary significantly from subframe to subframe, even for the same size codeword, since the number of turbo-decoder iterations until successful decoding (or decoding failure or time-out) will vary with code-rate and SNR.
· Since turbo-decoding is processing intensive, the time required for step 5 is likely to be much greater than for steps 3 and 4

· The CRC test in step 6 could in principle be carried out after every turbo decoder iteration, but could also be carried out after a defined number of iterations, or a defined time interval. In any case this check should not take significant time.
According to the aspects identified above the main processing-time problems for a UE receiving large codewords scheduled via ePDCCH (compared with PDCCH) would arise from the following factors:-

· FFT processing of all the OFDM symbols in the subframe cannot be carried out in parallel with the control channel decoding and must be carried out before control channel decoding 

· There may be insufficient remaining time for enough turbo-decoding iterations to reliably decode otherwise “decodeable” codeblocks
We assume that reasonable implementations might allocate a fixed time period for decoding PDSCH and either always generate the decoded result at that time, or generate the decoded result earlier if the CRC test is positive.  In either case the allowed time period may be assumed to vary with the size of transport block to be processed, at least for implementations which do not have enough processing time for large transport blocks.   

It seems likely that for reasonable UE implementations, it would be possible to successfully decode even the largest codewords under good channel conditions (e.g. if requiring only one or two turbo-decoder iterations). However, it should be checked whether some implementations are not covered by the above analysis and can never decode large codewords, beyond a certain size, under the time constraint imposed by use of ePDCCH. 
So far we have discussed decoding for first transmissions. Fortunately the situation is similar for re-transmissions, where additional soft-bits are available from any previous transmissions. These can be taken into account in the turbo-decoding step, and will generally increase the probability that successful decoding is achieved within the available processing time.

We should also consider the situation with multiple codewords received in the same subframe, e.g. from use of spatial multiplexing and/or carrier aggregation. For a receiver architecture based on parallel processing of each codeword, the same time constraint would apply to each codeword (where each one may or may not be successfully decoded, for example). For a receiver architecture based on serial rather than parallel processing, any time constraint would only affect the last codeword(s) to be processed. 
2.3. Options for UE behaviour

In view of the analysis above, we now consider the options for appropriate UE behaviour to deal with the problematic case of receiving a larger codeword than can be decoded within the time interval between decoding of ePDCCH and before the corresponding ACK/NACK is to be transmitted.  For simplicity we consider only a single carrier, and assume that only some UEs would need to implement the proposed behaviour. This could be indicated as a UE capability. Some possibilities are:-
1. UE discards or ignores any received codewords for that subframe if the total number of TrCH bits is larger than a threshold

· This would limit maximum throughput for such UEs

· This would prevent reception even if one codeword can be decoded
2. UE discards or ignores any received codeword larger than a threshold
· This would limit maximum throughput for such UEs

· This could be a more appropriate restriction for parallel processing UE architectures 

3. UE attempts decoding of all received codewords and sends ACK for any that are successfully decoded within the available time window, otherwise sends NACK and keeps the soft-bits  

· This would not directly limit maximum throughput

· Maximum throughput could be achieved but at higher SNR. 

· New RAN4 performance requirements (e.g. lower throughput at a given SNR) may be needed for this type of UE with limited processing capability
Note that option 3 is strictly not a new UE behaviour, but would imply new reduced performance requirements for certain UEs with insufficient processing capability to meet existing performance requirements. 
3. Conclusions
Having considered the issue of reduced processing time for receiving PDSCH scheduled by ePDCCH, compared with the processing time available when scheduling is by PDCCH, we propose the following:
· No change in RAN1 specifications for reception of PDSCH when scheduled via ePDCCH

· Creation of a new UE capability for reduced PDSCH processing capacity when using ePDCCH
· Investigation by RAN4 of whether UEs with the new capability should have relaxed performance requirements (e.g. lower throughput at a given SNR for large PDSCH codewords). 
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