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1 Introduction

FDM between PDSCH and E-PDCCH results to significant design and operational simplifications for E-PDCCH deployments. The most significant drawback is the increased latency before a UE can begin decoding the TrCH conveyed by an associated PDSCH. This has motivated discussions on limiting the maximum number of TrCH bits a UE can decode when the respective PDSCH is scheduled by an E-PDCCH.

This contribution provides an overview of UE implementation aspects for fulfilling the 3 msec HARQ processing delay requirement (from the end of a DL subframe conveying a PDSCH) and considers how to treat large TrCH sizes and the associated specification impact, if any.

2 TrCH Processing Delays with E-PDCCH Scheduling
For legacy PDCCH, the PHY can inform the MAC of the PDCCH contents (assuming that the CRC check for a PDCCH is positive) well before the end of the subframe. The MAC can then consider whether the DCI format is a valid one (according to a verification of contents [1] and some implementation-specific metrics) and, if so, instruct the PHY how to decode the TrCH conveyed by the associated PDSCH by informing of the associated PRBs, the MCS, etc. (in the following, the discussion is only for PDCCH scheduling PDSCH). The PHY may then proceed, around or before the end of the subframe (depending on how channel estimation is performed), with functions associated with the decoding of the TrCH.
The main additional delay incurred by E-PDCCH is the one required for the PHY to communicate with the MAC and the reverse. The E-PDCCH decoding delay itself and the MAC processing of the DCI format incur much smaller delay compared to the delay of the PHY (( MAC communication. Nevertheless, all delays until the start of PDSCH demodulation and decoding can be bundled into a single delay which is typically in the order of several subframe symbols (several hundreds of microseconds) depending on the implementation. 
Assuming that the decoding delay (also implementation dependent) is approximately linear with the TrCH size, a relation between the TA (Time Alignment) and the TrCH size a UE is capable of decoding can be as in Figure 1. 
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Figure 1: TrCH Size a UE can decode as a function of the TA value.
The graph in Figure 1 is only intended to approximately illustrate the dependence of the TA value on the TrCH size a UE can decode and does not necessarily represent an exact representation which may not be linear. There isn’t a single TA value beyond which the TrCH sizes cannot be decoded by a UE but rather there are multiple such TA values and respective TrCH sizes. For example, a UE can decode any TrCH size smaller than TrCH1 when the TA value is smaller than TA1 while this changes to any TrCH size smaller than TrCH2 when the TA value is smaller than TA2. 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 and, for a same UE location in a cell, the constraint on the TrCH size will be stricter for TDD. 

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

To evaluate the reduction in the maximum TrCH size due to scheduling by an E-PDCCH, indicative values of the additional decoding latency are considered. The reduction in the maximum TrCH size may also be viewed as a reduction in the maximum cell size for which a maximum TrCH size can be supported. However, as peak data rates with maximum TrCH sizes practically happen only for very high SINRs which are highly unlikely for very large TA values, the impact of TrCH size restriction due to E-PDCCH scheduling on the overall system operation is marginal. Moreover, as scheduling by PDCCH is available in most cases associated with very large cell sizes, it is also possible for a UE experiencing a large TA value and needing to support large TrCH sizes, if possible considering the required SINRs, to decode PDCCH (either by semi-static or by dynamic configuration). 

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 E-PDCCH 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 E-PDCCH is given in Table 1. For a linear dependence (only an approximation) of the decoding time with 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%

	6 symbols
	1.90 ms
	18.4%


From Table 1, it is observed that the assumption on the additional latency has a significant impact on the % reduction of the total processing time (and of the maximum TrCH size). For an additional latency of around 300 sec (4 subframe symbols), the reduction in the TrCH size relative to the maximum one is expected to be around 12%. This is equivalent to a reduction by 12% in the maximum cell size for which a maximum TrCH size can be theoretically supported (e.g. from 100 Km to about 88 Km). As deployment of Rel-11 UEs will begin several years from now, advancements in implementation technology may significantly reduce the impact of the additional decoding latency due to scheduling by E-PDCCH although they may not eliminate it completely.  

3 Impact on Specifications
There can be several ways in which the additional decoding latency due to E-PDCCH scheduling can be addressed by specifications.

A first approach can be through the E-PDCCH design. However, this is associated with significant drawbacks which cannot be justified for simply supporting the largest TrCH sizes in scenarios that have marginal practical importance. For example, the CCE multiplexing in a PRB pair may have a TDM component. Then it would be possible to schedule UEs with large TA values with CCEs before the end of the subframe, thereby largely avoiding the additional latency and allowing TrCH processing to begin around or before the end of the subframe. This effectively mimics TDM/FDM for E-PDCCH and PDSCH even though FDM is used. However, UEs with very large TA values are unlikely to be scheduled by localized E-PDCCHs and for distributed E-PDCCHs it is preferable for a CCE to be substantially over the entire subframe. This is also the case for localized E-PDCCHs in order to achieve CCE equivalency and avoid introducing another degree of complexity in the scheduler’s decision for selecting a CCE aggregation level. Finally, E-PDCCH transmissions to UEs with very large TA values are unlikely to require a small CCE aggregation level.  

A second approach is simply for a network to configure a UE to ignore TrCH sizes beyond a certain value. The network may base this decision on the TA value, the duplexing method (FDD or TDD), and the UE category. The UE implementation cannot be taken into account unless additional signaling is provided by a UE during initial setup to inform the network of one (or of a few) TrCH size that can be supported for respective TA values when scheduling is by E-PDCCH. Involvement of other RAN WGs may also be needed to incorporate the UE category in the association of a maximum TrCH size with a TA value.

A UE can assume scheduling of TrCH sizes beyond the maximum one configured by the network as an erroneous event (e.g. due to either erroneous network operation or due to a false CRC check) and can treat the respective DCI format as invalid (e.g. [2], section 9.3). 

Observation 2: A network can configure a UE a maximum TrCH size the UE can consider as valid when scheduling is by an E-PDCCH. A UE can treat a DCI format scheduling a TrCH size above the indicated value as invalid.  
4 Conclusions

This contribution considered the need for restrictions on the maximum TrCH size when the respective scheduling is by an E-PDCCH. Overall, the impact on the system operation is marginal and can be addressed by a network configuring the maximum TrCH size a UE can consider as valid when scheduling is by E-PDCCH. The UE behavior in case it detects an E-PDCCH conveying a DCI format scheduling a TrCH size above the configured maximum one can be as described in section 9.3 of [2].
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