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1 Introduction

Reasons and mechanisms for restricting the maximum number of TrCH bits a UE can be expected to decode in a PDSCH scheduled by an EPDCCH were discussed over the email reflector following RAN1#70 using proposals in a WF [1] as reference. 
This contribution considers aspects related to restricting the TrCH size for PDSCH scheduling by EPDCCH. 
2 TrCH Size Restrictions for EPDCCH Scheduling 
In theory, the TrCH size for PDSCH scheduling by EPDCCH should be restricted to account for the additional decoding latency a UE incurs primarily due to the PHY (( MAC communication between the time the UE detects the EPDCCH at the PHY and passes the contents to the MAC and the time the MAC instructs the PHY how to decode the TrCH in the PDSCH. This latency is in the order of several subframe symbols (several hundreds of microseconds) depending on the implementation and is not incurred when a UE detects a PDCCH (as the previous PHY(( MAC communication can be completed before the end of the subframe).  

Assuming that the TrCH decoding delay (also implementation dependent) is approximately linear with the TrCH size, a linear relation exists between the TA (Time Alignment) and the TrCH size a UE is capable of decoding. Therefore, depending on its capability, a UE can decode all TrCH sizes if the TA is smaller than a value and the TrCH size the UE can decode (approximately) linearly decreases as the TA increases beyond that value. Consequently, there is not only a single TA value beyond which TrCH sizes larger than a respective value cannot be decoded by a UE but rather there are multiple such TA values and respective values for the TrCH sizes. There is also a dependence on the UE category and the UE implementation for a given UE category. Additionally, considering the Tx-Rx turnaround time of about 0.2 msec in TDD which is absorbed in the TA value, there is also dependence on whether the system is an FDD one or a TDD one. 

Observation 1: The maximum TrCH size that is scheduled by an ePDCCH and a UE can decode is a function of the TA value, the UE implementation, the UE category, and the duplexing method (FDD or TDD).

For the maximum TA value of 
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 msec, corresponding to a maximum cell size of 100 Km supported in LTE (not accounting for the additional Tx-Rx turnaround time in TDD as it is practically common with PDCCH and EPDCCH at least for TM9), the reduction in the total processing time as a function of the additional decoding latency (in number of subframe symbols) required due to scheduling by EPDCCH is given in Table 1. For a linear dependence (only an approximation) between the decoding time and the TrCH size, a reduction in the total processing time may also be viewed as a reduction in the TrCH size. For scheduling by legacy PDCCH, the minimum total processing time is assumed to always be (3-0.67) msec = 2.33 msec (for 
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Table 1. PDSCH processing times with different options for control channel multiplexing.
	Additional Latency
	Total Processing Time
	Reduction in Total Processing Time (maximum TrCH Size) Relative to Legacy

	2 symbols
	2.19 ms
	6.1%

	4 symbols
	2.04 ms
	12.3%

	7 symbols
	1.83 ms
	21.4%


An estimate for the additional latency is about 6-7 symbols or about 200-250 sec leading to a maximum reduction of about 20% for the maximum TrCH size for a cell size of 100 Km. This is equivalent to reducing the maximum cell size for which a maximum TrCH size can be theoretically supported from 100 Km to about 80 Km. Additionally, as EPDCCH will anyway make unavailable a number of PRB pairs for PDSCH while the maximum number of OFDM symbols remains as in Rel-10, a reduction of about 20% for the maximum TrCH size is highly unlikely to inherently exist due to the use of EPDCCH. Moreover, as deployment of Rel-11 UEs will begin several years from now, advancements in implementation technology are likely to even further reduce or even eliminate the impact of the additional decoding latency. Additionally, in Rel-11, scheduling by PDCCH is also possible and if a network chooses to provide (if possible) peak data rates to UEs located nearly 80-100 Km away from the eNB, it can do so by using PDCCH without compromising any of the use-cases identified for EPDCCH.  

Since mechanisms for restricting the maximum TrCH size that can be scheduled by an EPDCCH are based on the TA and since the eNB knows (with reasonable accuracy) the TA for a UE, if a UE receives a TrCH size it cannot decode this is likely due to a false EPDCCH detection (false CRC check). It is unclear why an eNB would purposely transmit to a UE a TrCH size the eNB knows (with reasonable certainty) the UE cannot decode and rely on retransmissions (which are also likely to fail due to the high code rates associated with the largest TrCH sizes). Therefore, it is unclear why a UE should keep the associated TBs.  
In general, the issue of a UE near the edge of a very large cell not being able to meet the HARQ timeline for very large TrCH sizes is a marginal one as such UEs are anyway unlikely to be scheduled with such TrCH sizes, the eNB is assumed to know their location with reasonable accuracy through the TA value, and even if there was any practical reason to support the largest TrCH sizes to such UEs, a network can do so by PDCCH. A minor benefit can be provided if a UE was configured to disregard TrCH sizes beyond a configured value (e.g. decided by the network depending on the TA) in order to protect from false CRC checks but even this would be of marginal impact as only very few UEs in very limited operating scenarios could benefit. 
3 Conclusions

This contribution considered the need for restricting the maximum TrCH size when the respective scheduling is by EPDCCH. As the likelihood for such event is marginal and the need may not even exist for many UE categories and future implementations and can be presently resolved by network implementations, it is preferable to avoid RAN1 specifications on decoding restrictions for the maximum TrCH size according to a respective TA value. RAN4 may establish UE processing requirements, possibly also taking into account the UE category.
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