3GPP TSG RAN WG1 Meeting #70


   












         R1-123148
Qingdao, China, 13th - 17th August 2012
Agenda Item:
7.6.1
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent 
Title:
Remaining details of RE mapping for ePDCCH
Document for:
Discussion
1 Introduction 

In RAN1 #69, the handling of resource element (RE) mapping for ePDCCH in presence of other signals has been discussed and the following agreement has been achieved. 
· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used

· FFS whether anything needs to be specified in relation to PRS 

· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS
Based on this agreement, some remaining issues, such as the size of an eCCE and the number of eCCEs per PRB pair, still need to be decided. In this contribution, we follow our discussion in last meeting [1] and provide our views on some of the remaining details of RE mapping for ePDCCH.
2 Discussion
We would like to first discuss whether ePDCCH can be transmitted in PRB pairs where PBCH/PSS/SSS are transmitted. In FDD, PSS/SSS are transmitted on OFDM symbol 5 and 6, which conflict with DMRS transmission. If PSS/SSS and DMRS locations/patterns are kept unchanged, it would be natural to puncture DMRS because PSS/SSS signals need to be present to allow the UE synchronization. However, if DMRS is punctured, the performance of the DM-RS based ePDCCH would be significantly degraded given that the channel estimation can be performed only based on the 6 REs on the last two OFDM symbols in the subframe. Note that the PRB pairs that carry PBCH also carry PSS/SSS. Similar PSS/SSS/PBCH and DMRS conflict exists in TDD systems as well.

How to resolve the conflict between PSS/SSS and DMRS was also discussed in the context of new carrier type in RAN1#69. No conclusion was reached yet. Since these two issues are the same in nature, we think it is appropriate to consider them together and provide a unified solution. Therefore, we propose that:

· Proposal 1: ePDCCH is not transmitted in PRB pairs in which PSS/SSS/PBCH are transmitted in Rel-11. It can be further considered in future releases, aiming at a unified solution with the new carrier type.

In the following discussion, we will focus on the PRB pairs in which PSS/SSS/PBCH are not transmitted. Based on the current RAN1 agreement, coding chain rate-matching is selected for RE mapping when ePDCCH collides with those legacy signals that are known by the UEs. In Table 1 in the Annex, we provide the number of available REs under different scenarios. Assuming up to 8 REs for CSI-RS, the number of available REs per PRB pair ranges from 84 to 144 REs.Here we need to emphasize that, since CSI-RS configuration is quite flexible, the actual number of REs occupied by CSI-RS in a subframe may take many different values depending on the number of CSI-RS resources and the number of antenna ports per resource. The value of 8 shown here is just one example (assuming 2 CSI-RS resources with 4 antenna ports each) to simplify the discussion.
As we can see from Table 1, there is a wide variation in the number of available REs. In RAN1#69, we have narrowed down the options for the number of eCCEs in the normal subframes to the following:

· Option 1: 2 or 4 depending on overhead of other signals
· Option 2: 3 or 4 depending on overhead of other signals 

· Option 3: 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS
To save the specification effort, the same set of aggregation level options as Rel-8/9/10(i.e., 1, 2, 4 and 8) could be adopted for ePDCCH. These aggregation levels also work well with 4 eCCEs per PRB pair. As proposed by our companion paper [2], a higher aggregation level (i.e., 16) may be also supported to ensure robust reception of the DCI messages when distributed transmission is used. To avoid resource fragmentation and splitting candidates into different PRB pairs, it is preferable that the number of eCCEs contained in one PRB pair is not 3. Therefore option 2 is not preferred. 
Option 1, compared to option 3, aims at making the eCCE size more even in different cases. If the number of available REs is 144, it is natural to have 4 eCCEs, with 36 REs per eCCE. When the number of available REs reduces to e.g. 84, the number of REs per eCCE would become 21 if there are 4 eCCEs. The most straightforward way for option 1 to decide when to use 2 or 4 eCCEs is to define a threshold x, and use 4 eCCEs when the number of available REs is larger than x, otherwise use 2 eCCEs. In this case, the range for the number of REs per eCCE is from x/4 to 36 for 4 eCCEs, and from 42 to x/2 for 2 eCCEs. Therefore the overall range is from x/4 to x/2. On the other hand, the range for option 3 is from 21 to 36 REs per eCCE, which actually has smaller variation than option 1. Therefore option 3 is better. Another advantage of option 3 is that there can be a single pattern definition for eCCE in all cases, which simplifies both the specifications and implementation.
· Proposal 2: Use 4 eCCEs per PRB pair in a normal subframe with normal CP.
For TDD special subframes, by repeating the exercise for the normal subframes, we can find that the number of available REs per PRB pair ranges from 42 to 126 for different special subframe configurations. Given such a wide range, it is reasonable to define more than one value for the number of eCCEs.
· Proposal 3: Use 2 or 4 eCCEs per PRB pair in a special subframe. Pre-define a threshold for the number of available REs in one PRB pair to determine the number of eCCEs per PRB pair.
For the subframes with extended CP, only 2 antenna ports are available which means that at most two ePDCCHs could be identified in one PRB pair. If 4 eCCEs are defined in a PRB pair for extended CP, the lowest aggregation level should be 2 because at most two ePDCCHs could be accommodated. Therefore, it serves the same function as defining 2 eCCEs per PRB pair with the lowest aggregation level 1. Moreover, considering that the number of REs contained by a PRB pair with extended CP is much less than that with the normal CP, we can simply restrict that only two eCCEs are defined within a PRB pair.
· Proposal 4: Use 2 eCCEs per PRB pair in a subframe with extended CP.

Regarding the RE to eCCE mapping, it is preferred to be distributed in order to:
(1) avoid the uneven channel estimation performance in case the REs in one eCCE all fall into the edge of the PRB pair

(2) have a similar number of available REs per eCCE after the REs for other signals are excluded

A typical checkerboard pattern would be able to serve the purposes well.

· Proposal 5: The RE to eCCE mapping should be distributed (e.g. using the checkerboard pattern).
3 Conclusions
In this contribution, we discussed the remaining details of RE mapping for ePDCCH, we propose that: 
· Proposal 1: ePDCCH is not transmitted in PRB pairs in which PSS/SSS/PBCH are transmitted in Rel-11. It can be further considered in future releases, aiming at a unified solution with the new carrier type.

· Proposal 2: Use 4 eCCEs per PRB pair in a normal subframe.

· Proposal 3: Use 2 or 4 eCCEs per PRB pair in a special subframe. Pre-define a threshold for available REs in one PRB pair to determine the number of eCCEs per PRB pair.
· Proposal 4: Use 2 eCCEs per PRB pair in a subframe with extended CP.

· Proposal 5: The RE to eCCE mapping should be distributed (e.g. using the checkerboard pattern).
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5 Annex
Table 1 Available RE Numbers for Cases without PBCH, PSS, SSS
	PDCCH symbols
	CRS ports
	PBCH
	PSS/SSS
	CSI-RS
	Available REs for ePDCCH

	0
	0
	No
	No
	No
	144

	0
	1 (8 REs)
	No
	No
	No
	136

	0
	0
	No
	No
	Yes (8 REs)
	136

	0
	2 (16 REs)
	No
	No
	No
	128

	0
	1 (8 REs)
	No
	No
	Yes (8 REs)
	128

	1(10 REs)
	1 (8 REs)
	No
	No
	No
	126

	0
	4 (24 REs)
	No
	No
	No
	120

	0
	2 (16 REs)
	No
	No
	Yes (8 REs)
	120

	1 (8 REs)
	2 (16 REs)
	No
	No
	No
	120

	1 (10 REs)
	1 (8 REs)
	No
	No
	Yes (8 REs)
	118

	1 (8 REs)
	2 (16 REs)
	No
	No
	Yes (8 REs)
	114

	2 (22 REs)
	1 (8 REs)
	No
	No
	No
	114

	0
	4 (24 REs)
	No
	No
	Yes (8 REs)
	112

	1 (8 REs)
	4 (24 REs)
	No
	No
	No
	112

	1 (8 REs)
	4 (24 REs)
	No
	No
	Yes (8 REs)
	112

	2 (20 REs)
	2 (16 REs)
	No
	No
	No
	108

	2 (22 REs)
	1 (8 REs)
	No
	No
	Yes (8 REs)
	106

	2 (16 REs)
	4 (24 REs)
	No
	No
	No
	104

	3 (34 REs)
	1 (8 REs)
	No
	No
	No
	102

	2 (20 REs)
	2 (16 REs)
	No
	No
	Yes (8 REs)
	100

	2 (16 REs)
	4 (24 REs)
	No
	No
	Yes (8 REs)
	96

	3 (32 REs)
	2 (16 REs)
	No
	No
	No
	96

	3 (34 REs)
	1 (8 REs)
	No
	No
	Yes (8 REs)
	94

	3 (28 REs)
	4 (24 REs)
	No
	No
	No
	92

	3 (32 REs)
	2 (16 REs)
	No
	No
	Yes (8 REs)
	88

	3 (28 REs)
	4 (24 REs)
	No
	No
	Yes (8 REs)
	84







































































































































































