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1 Introduction

In RAN1#68bis, the following was agreed with respect to PDSCH and EPDCCH multiplexing within a PRB pair. 

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

Based on the above agreement, two related issues were raised at RAN1#69 – 1) Reference [1] discussed a potential issue of peak DL data rate supported by EPDCCH, 2) In a RAN1#69, email topic [69-16] discussed behavior related to the case of PDSCH and EPDCCH resource overlap. 

This document discusses possible UE behaviors when a UE receives an EPDCCH that includes a PDSCH resource allocation indicating that the assigned PDSCH resource includes the one or more PRBs containing the EPDCCH. 

2 EPDCCH (DL grant) and PDSCH overlap 
Given the EPDCCH and PDSCH share DL Resource blocks, the presence of EPDCCH in a sub frame can impact the number of RBs available for PDSCH and therefore the achievable (e.g. peak) DL data rate. Consider the two examples given in Figure 1.
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Figure 1. Two examples of an EPDCCH assigning PDSCH resources. 
No PDSCH and EPDCCH resource overlap

In Example 1of Figure 1, an EPDCCH occupies one or more RB pairs and therefore the number of RB pairs available for PDSCH (e.g. assigned via RA within the DCI assigned by the EPDCCH) is strictly smaller than the total number of DL RBs, implying a reduced peak DL data rate. Note that when an EPDCCH occupies an RB, the entire RBG (e.g. 1/2 PRBs pairs in case of 10 MHz BW) may be blocked from being assigned to PDSCH (e.g. in DCI 2C with Type 0 RA). 

Table 1 compares the peak rate supported by EPDCCH and PDCCH for different DL BWs – it is assumed that the one RBG (with the smallest size) contains the EPDCCH to determine the max TBS of a TB scheduled within a subframe. The table shows that the peak rate reduction due to EPDCCH usage is relatively small and at system BWs of 15MHz/20 MHz, there is no reduction at all. 
Table 1. Peak DL data rate comparison between PDCCH and EPDCCH (When no overlap between EPDCCH and associated PDSCH RA).

	DL BW

(MHz)
	Max TBS of a TB per TTI scheduled via PDCCH (#PRB pairs)
	Max TBS of a TB per TTI scheduled via EPDCCH (#PRB pairs)
	Peak DL data rate reduction of EPDCCH relative to PDCCH 

	1.25
	4392 (6 PRB pairs)
	3752 (5 PRB pairs)
	14.6%

	3
	11064 (15 PRB pairs)
	10296 (14 PRB pairs)
	6.9%

	5
	18336 (25 PRB pairs)
	17568 (24 PRB pairs)
	4.2%

	10
	36696 (50 PRB pairs)
	35160 (48 PRB pairs)
	4.2%

	15
	55056 (75 PRB pairs)
	55056 (73 PRB pairs)
	0.0%

	20
	51024 (79 PRB pairs)
	51024 (79 PRB pairs)
	0.0%


Observation 1: The peak rate reduction due to EPDCCH usage is relatively small (0~14%) and at system BWs of 15MHz/20 MHz, there is no peak rate reduction.
PDSCH and EPDCCH resources overlap

Consider Example 2 of Figure 1 where an EPDCCH is sent in a PRB pair and the DCI sent on the EPDCCH schedules a PDSCH that has a RA (in the DCI) that includes the EPDCCH PRB pair. There are at least two choices for this case (based on RAN1#68bis agreement): 

Option 1: Discard DCI scheduled by EPDCCH

· Discard the DCI as inconsistent control because the PRBs are assigned to both control and data, which is not permitted.

Option 2: Skip Overlapped RBs in PDSCH RE Mapping (Rate-Matching in PDSCH Coding Chain)

· This option assumes that the DCI message is consistent. However, since multiplexing of PDSCH and EPDCCH within a PRB pair is not permitted, the PDSCH is only mapped to physical resources in assigned resource blocks that are not occupied by the EPDCCH. 

With Option 2, the TBS/MCS/RB lookup is per Rel-10 (i.e. based on signaled number of RBs in the DCI) and hence the same peak rate is supported as in Rel-10. The PDSCH RE mapping then ensures that Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted. Thus, a simple solution such as Option 2 (similar to the solution discussed in the email discussion (with [2]) can address the peak rate issue discussed in [1].

Observation 2: LTE peak rate support with EPDCCH can be preserved by skipping overlapped RBs in PDSCH RE Mapping (with Rate-Matching in PDSCH Coding Chain) when an EPDCCH containing a DL assignment and the corresponding assigned PDSCH resources overlap in a subframe.
Strictly speaking, the peak rate aspect can be addressed by applying Option 2 only when the number of assigned PDSCH Resource blocks is closer to the higher end (e.g. close to total number of DL RBs). 

For smaller PDSCH resource allocations, the EPDCCH and PDSCH resource overlap may be rare in practice as it can be avoided via eNB scheduling and applying Option 2 should be adequate. There is no need for further optimizations for smaller PDSCH resource allocations. 

Also, when the EPDCCH contains a DL DCI for a semi-persistent scheduled PDSCH, if the overlap occurs, then the skipping of overlapped RBs may be applied only to the first initial PDSCH transmission. Since the subsequent persistently scheduled sub frames do not have the EPDCCH, the UE should preferably not skip overlapped RBs. 
3 EPDCCH (UL grant) and PDSCH overlap

Note that EPDCCH and PDSCH overlap could occur even when the EPDCCH is not carrying a DCI related to the overlapped PDSCH e.g. the EPDCCH may be carrying UL grant for the UE or EPDCCH may be carrying DCI for other UEs. While it is possible to apply the same technique as Option 2 above (i. skip overlapped RBs in PDSCH mapping) for UL grant overlap with assigned PDSCH resource allocation, mis-detection/false detection of the UL grant can lead to soft buffer corruption and resulting in PDSCH decoding errors. Therefore, it is preferable to not specify a rate-matching behavior when a UE detects EPDCCH RBs containing an UL grant within its assigned PDSCH resource allocation.

Since a UE cannot detect EPDCCH addressed to other UEs, the case of detecting grants meant for other UEs within its own PDSCH resource allocation does not arise.
4 Conclusions

This contribution discussed EPDCCH and PDSCH resource overlap and a related peak DL data rate support with EPDCCH. 

Observation 1: The peak rate reduction due to EPDCCH occupying RBs (that can otherwise be allocated to PDSCH) is relatively small (0~14%). At system BW of 15MHz/20 MHz, there is no peak rate reduction due to EPDCCH usage.

Observation 2: LTE peak rate support with EPDCCH can be preserved by skipping overlapped RBs in PDSCH RE Mapping (with Rate-Matching in PDSCH Coding Chain) when an EPDCCH containing a DL assignment and the corresponding assigned PDSCH resource overlap in a subframe.

Based on the observations, the peak rate reduction with EPDCCH is likely not very significant, at least for the higher DL BWs. Also, in Rel-11, peak rate can be achieved via PDCCH anyways. However, if same peak rate for EPDCCH is preferred, then a simple solution (such as the one described in observation 2) should be adopted  - When an EPDCCH containing a DL assignment and the corresponding assigned PDSCH resource overlap in a subframe, then the overlapped RBs are skipped in the PDSCH RE mapping (with rate-matching in PDSCH coding chain).
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� Note it is also possible to first perform PDSCH RE mapping followed by EPDCCH RE mapping, wherein the EPDCCH RE mapping step performs puncturing of the overlapped resource blocks. This is however less desirable than Option 2.
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