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Introduction
In RAN1#68, the following agreement was reached on the multiplexing between PDSCH and EPDCCH:

· 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))
Because EPDCCH messages span both first and second slots, and DM-RS is used for demodulation, the decoding of the  EPDCCH messages can start only after the end of the TTI. This leaves less time budget for PDSCH decoding compared to Rel-10, where PDCCH messages are transmitted in the first 3 OFDM symbols within a TTI. Therefore, it was proposed to have a certain restriction on the maximum number of TrCH bits to relax the processing requirements for the UE.

In this contribution, we discuss different ways of applying constraint and provide our recommendation. 
Discussion
During the recent email discussion “[70-18] Way forward on UE behavior for large Transport Blocks” after RAN1#70, the main options for relaxation that were discussed include:
· Option 1: allow the UE not to complete decoding in time when both TA and TBS exceed the corresponding thresholds [1]
· Option 2: signalling of UE capability or as part of UE category
· Option 3: Having it implicitly handled by the UE in CQI reporting

Currently LTE supports cell radius up to 100 km, which translates into 667us RTT. Generally speaking, there is no need to limit the maximum number of TrCH bits when the RTT is small, e.g. when RTT <= 100 us (15 km cell radius). This condition holds in the majority of the deployment scenarios. Therefore, the constraint should not be applied in these cases to avoid unnecessary impact on performance. Simply defining the constraint as a UE capability that is generally applied in all scenarios is not recommended. As a general principle, we should make sure there is no relaxation (thus no performance degradation) for small RTT cases.
Proposal 1: No constraint should be applied at least when the RTT is relatively small (e.g. <= 100 us).
For the limited scenarios when the RTT is large, large propagation loss is expected with large distance between the UE and the eNB. This would result in lower SINR, thus making it unlikely for the UE to be able to achieve peak data rate or use high MCS. Therefore the constraint is only useful for a limited number of UEs in limited scenarios. Given this, the mechanism for adding a constraint should be kept as simple as possible, and additional overhead should be minimized.
Option 1:

As described in [1], a threshold for TA and a threshold for the number of TrCH bits are defined. If the TA and the number of TrCH bits of a transmission both exceed respective thresholds, the UE still performs decoding, but it may transmit NACK if it cannot complete the decoding in time. If after completing the decoding, the packet is successfully received, it can send ACK for the next HARQ retransmission. It may result in some unnecessary HARQ retransmissions, but the HARQ procedure can operate normally. A single TA threshold is preferred to keep the mechanism simple. For a UE with TA below the threshold, the UE should be able to handle the maximum number of TrCH bits defined for its corresponding category. For a UE with TA above the threshold, the threshold on the number of TrCH bits for transmitting NACK can be scaled down from the maximum number of TrCH bits with a simple rule (e.g. as proposed in [2]). The scaling factor should take into account the maximum RTT supported.
As pointed out during the email discussion, this behavior is already consistent with the current RAN1/RAN2 specifications, because there is no explicit decoding time requirement in RAN1/RAN2 specifications. Clarification may be needed if this is not the common understanding. More importantly, RAN4 would need to define the corresponding requirements and test cases. The most critical test case would be to ensure the UE can decode the maximum number of TrCH bits in time when the TA is right below the threshold. The details can be left to RAN4 to discuss.
At the eNB, there may or may not be a need to have special handling, for the following reasons:

· For most of the deployment scenarios, the cell radius is sufficiently small (<= 15 km), and no constraint is necessary.
· When the RTT for a UE is large, the eNB could simply rely on the closed loop adjustment for MCS scheduling when the UE sends NACK back.
If for any reason, the eNB would want to have special handling for the UEs with large RTT, the existing mechanism allows the eNB to request for RTT information. It was pointed out earlier that the TA command is not a reliable message, which makes the TA accumulation at the eNB an inaccurate estimate of RTT. However, another mechanism exists to enable the eNB to obtain the RTT. There is a field named “ue-RxTxTimeDiffResult” in IE MeasResults, which can be used by the eNB to request for Rx-Tx time difference from the UE using RRC signaling periodically (with periodicity ranging from 120 ms to 60 minutes). Based on the reported information, the eNB can decide how to schedule the UE. This procedure would not require any additional specification change.
Therefore, it can be left to the eNB implementation in terms of how to handle the UEs with large RTT, without the need for adding additional signaling or reporting back from the UEs.

Option 2:

Via signaling of UE capability or as part of UE category, the UE indicates to the eNB whether it has any processing relaxation. It seems quite unnecessary to introduce new categories for this purpose, so signaling of UE capability appears to be a better choice. Therefore, the discussion below focuses on the signaling of UE capability.

It has not been discussed in detail, but presumably the relaxation also relates to smaller number of TrCH bits for larger TA, similar to option 1. It is relatively straightforward to introduce such a signaling. If the UE indicates that it does not have any relaxation, the eNB obviously does not need to take any action. If the UE has the relaxation, 
· From the UE side, it is still preferable that the UE has the same behaviour as described in option 1. This means that the UE can still handle the large TrCH bits for large TA, even though the decoding does not finish in time. This also means that there is no restriction on what TBS the eNB can schedule. 

· From the eNB side, it is preferable to leave it to the eNB implementation on how to handle it.
An undesirable alternative would be to require the eNB not to schedule any TBS beyond the threshold when the TA exceeds the corresponding threshold. In this case, the eNB needs to have the accurate RTT value from the UE, which requires additional signaling exchange between the eNB and the UE, meaning additional overhead. Given that the restriction is unlikely to become a practical constraint, it is unnecessary to introduce such overhead.
If we follow the preferred approach described above, this option is actually quite similar to option 1, in the sense that thresholds for TA and the number of TrCH bits need to be defined, and related RAN4 requirements are needed. The difference is that option 2 needs to introduce additional signaling for UE capability.
Option 3:

Having the decoding relaxation implicitly handled by the UE in CQI reporting means that when the UE reports CQI, it takes into account whether the decoding can be completed in time. If the CQI that is supportable by the RF condition results in a large TBS which cannot be decoded in time, the UE would autonomously report a lower CQI. Currently CQI is defined in 36.213 as the following:
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.

It could be argued that the current CQI definition has no dependency on the decoding time. If the decoding relaxation is to be handled in CQI reporting, the CQI definition would need to be changed accordingly, by including the decoding time constraint. This would be a fundamental change of concept for CQI, by including the new factor in CQI definition.
For wideband CQI reports, the UE would need to assume full bandwidth when deciding if the decoding can be completed in time, in order to account for the worst case. However, this may unnecessarily reduce the MCS level (thus the spectral efficiency) that the eNB schedules. If the eNB does not need to schedule the full bandwidth, higher MCS level could possibly be used while still satisfying the decoding time requirement.
For subband CQI reports, it becomes unclear if the existing assumption on the assumed bandwidth (subband) would be appropriate. Further investigation is needed to identify what kind of changes would be required.
This would certainly require RAN4 requirements and test cases for CQI reporting. Some requirements are needed on what kind of relaxation is allowed, which would be similar to the thresholds for TA and the number of TrCH bits in the option 1 and 2.

Assuming CQI reporting is changed to handle the issue, the eNB does not necessarily follow the CQI report, and may schedule an MCS that is better than the reported CQI. This means that the UE would need to handle the cases where the decoding cannot be completed in time. The same behavior as in option 1 would be desirable.
To summarize on option 3:

· It seems to involve non-trivial complexity when changing the CQI definition. It is not straightforward how to do it.

· It is generally not very desirable to change the CQI definition by introducing a new factor that is not included currently. This factor is dependent on processing power, which originally was not part of the consideration for CQI. It may not be appropriate to have CQI depending on it.
· The same (or similar) UE behaviour as in option 1 would be necessary, which makes option 3 a superset  of option 1 from a complexity point of view. Effectively option 3 just pushes the problem from RAN1 to RAN4.
Therefore, we do not recommend option 3.
Comparing option 1 and option 2, if no additional specification is added to define the eNB behavior after receiving the signaling in option 2, these two options become quite similar. The major difference would be to define the new signaling for UE capability in option 2. Our preferred approach is option 1, because we do not seem to see that it would likely impose a practical constraint as long as the thresholds are defined appropriately, thus no need to introduce any additional signaling.
Proposal 2: The UE is allowed not to complete PDSCH decoding in time when the TA and the number of TrCH bits of a transmission both exceed respective thresholds. Exactly how this is captured in RAN1/2/4 specifications can be further discussed. No other specification changes are introduced.
Conclusions
In this contribution, we discussed the issue of applying constraint on maximum number of TrCH bits and proposed the following:

Proposal 1: No constraint should be applied when the RTT is relatively small (e.g. <= 100 us).
Proposal 2: The UE is allowed not to complete PDSCH decoding in time when the TA and the number of TrCH bits of a transmission both exceed respective thresholds. Exactly how this is captured in RAN1/2/4 specifications can be further discussed. No other specification changes are introduced.
References

[1] R1-123856, “Way forward on UE behavior for large Transport Blocks,” LG Electronics, Qualcomm, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Fujitsu, New Postcom, RAN1#70, Aug. 2012.

[2] R1-123704, “Restriction of maximum TrCh  bits,” Qualcomm Inc. , RAN1#70, Aug. 2012.







































PAGE  
1/4

