
3GPP TSG-RAN WG1 Meeting #70bis
R1-124396
San Diego, USA, 8th – 12th October 2012
Agenda item:

7.5.1
Source:
Renesas Mobile Europe Ltd
Title:
Remaining details of EPDCCH resource mapping
Document for:

Discussion and Decision

1
Introduction
In RAN1#70, the definition for EREGs was finally agreed:
Agreement for Distributed transmission: 

· eREG definition:

· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices

Furthermore, several agreements were made about the number of ECCEs per PRB pair as well as (equivalently) about the number of EREGs per ECCE and EREG to RE mapping:
Agreement: 

· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
…
· The eREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same eREG to RE mapping

· The eREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· eREG indices are sequentially mapped  to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair 

· It is FFS whether to support cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS.

In this contribution we discuss mapping between ECCEs and EREGs and address briefly one of the FFS issues, namely randomization of EREG mapping. Note that our views on the exact aggregation levels are discussed together with search space definitions in [1].
2
Mapping of ECCEs to EREGs
The agreement to have a fixed number of EREGs and a fixed mapping of EREGs to REs essentially implies that the number of REs available for EPDCCH per EREG is highly varying depending on the presence of other signals. It has been pointed out in many contributions (see e.g. [2]) that different ECCEs should have equal size as much as possible. This will simplify link adaptation and EPDCCH scheduling at the eNB side since the eNB will not need to take into account any code rate variations due to exact EPDCCH allocation.

It turns out that in most cases it is possible to have exactly equal-sized ECCEs with a proper ECCE to EREG mapping. The 16 EREGs within the PRB pair can be split into four sets of EREGs such that there is an equal number of available REs within each set in most cases (see below for details). Such sets are obtained by taking every fourth EREG {0,4,8,12}+x, x=0,1,2,3 to set x. 

According to the previous agreement, two different ECCEs are supported, either with 4 or 8 EREGs per ECCE, resulting in 4 or 2 localized ECCEs per PRB pair, respectively. In case of 4 EREGs per ECCE, one ECCE can be directly mapped into one set of EREGs as described above. In case of 8 EREGs per ECCE, one can simply utilize two such sets. This principle can be formulated for instance such that localized ECCE k=0,..,NECCE-1 within a PRB pair is mapped to EREGs indexed by
[image: image1.png](k + 4) mod 16, i =





when NEREG=4 (NECCE=4) and by
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when NEREG=8 (NECCE=2). An example of this ECCE-EREG mapping is shown in Figure 1 for the case of NECCE=4 and NEREG=4. 
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Figure 1. Illustration of EREG to ECCE mapping in case of localized ECCEs (normal subframe) when there are 4 EREGs per ECCE, i.e. 4 ECCEs per PRB pair.
In case of distributed allocations, equal size ECCEs can be constructed similarly using every fourth EREG index for one ECCE, however in this case obviously the EREGs are taken from different PRB pairs. One way is to utilize the so called EREG cycling approach in which the consecutive EREGs from the set {0,4,8,12}+x are taken from consecutive PRB pairs. However the details of how to map the EREGs to PRB pairs may need to be left FFS at this point since the numbers of PRB pairs within an EPDCCH set is still open. It is also noted that care should be taken in how to index the distributed ECCEs with respect to the search space design. In particular, depending on the exact search space design, it may be preferable if consecutive distributed ECCE indices map to EREGs that are part of the same localized ECCEs. Such an approach may for instance be beneficial if multiplexing of localized and distributed allocations within one PRB pair is achieved UE-transparently by configuring two overlapping EPDCCH sets to the UE. However, as mentioned this depends also on the exact search space design [1].
Table 1 lists the resulting ECCE sizes and maximum size difference between ECCEs in case of normal subframe and normal CP, i.e. 4 EREGs per ECCE. Note that in case of 1 CRS port the size difference of 1 RE is unavoidable since the number of available REs is not divisible by four. Furthermore in case of CSI-RS subframes, depending on the exact NZP/ZP CSI-RS and IMR configuration, there may be further differences in the sizes of different ECCEs.

Similar calculations can be done for special subframes.
Table 1. Number of REs per ECCE (and the maximum size differences between ECCEs)  in different configurations in case of normal CP, normal subframe, i.e. 4 EREGs per ECCE.
	
	Normal subframe, normal CP

	#PDCCH

#CRS
	1
	2
	3

	1
	31/32 (1)
	28/29 (1)
	25/26 (1)

	2
	30 (0)
	27 (0)
	24 (0)

	4
	28 (0)
	26 (0)
	23 (0)


Based on the above discussion, our proposals can be summarized as follows:
Proposals: 
-
Each localized ECCE k=0,…,NECCE-1 within the PRB pair is formed from NEREG EREGs indexed as follows:

-
When NEREG=4: 
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-
When NEREG=8:
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-
Adopt the EREG cycling approach for distributed ECCE to EREG mapping.
-
The exact PRB pairs to which each ECCE is mapped are FFS (depend on possible numbers of PRB pairs within the EPDCCH sets).
-
The exact indexing of the distributed ECCEs is FFS.

3
Randomization of EREG-RE mapping
One of the FFS aspects is related to whether the RE mapping of EREGs can be randomized by for instance an additional cyclic shift per OFDM symbol or by further rearrangements in OFDM symbols containing DMRS. Since ECCEs can have an equal size even without further randomization of EREG-RE mapping, this additional randomization seems mainly motivated by enabling interference averaging for the ECCEs. In this case the cyclic shifts would need to be transmission point –specific (achieved in practice by UE-specific RRC signaling, of course).
As a first observation, we note that ECCEs will anyway face roughly equal interference if different PRB pairs are configured for EPDCCH in neighboring transmission points as in this case the dominant interference comes from PDSCH transmissions, which means that the interference is only slightly varying within a PRB pair due to fast fading. Hence the randomization can mainly be useful in case EPDCCH PRB pairs are configured overlapping in neighboring transmission points. In such case, the randomization may help in equalizing the average interference levels seen in different ECCEs, hence making sure that EPDCCH transmission quality (e.g. SINR) does not depend on the exact ECCEs used for EPDCCH transmission. However, it is not totally clear whether configuring overlapping PRB pairs for EPDCCH transmission in different transmission points is a good approach.

As a further observation, in case of overlapping EPDCCH PRB pairs in different transmission points, there may be problems with selecting the aggregation level based on the CQI reports even if the interference levels on different ECCEs are equalized. In this case the interference during EPDCCH transmission is only reflecting the EPDCCH interference load, whereas the CQI reports reflect the overall interference load which is mainly due to PDSCH. Hence, in order to have meaningful CQI reports the EPDCCH and PDSCH interference load should be similar in such case. This can be difficult to ensure in practice.
Observations:

· EREG-RE mapping randomization is only beneficial when overlapping EPDCCH PRB pairs are configured for interfering transmission points.
· EPDCCH transmission quality will be then determined by average EPDCCH interference load (as opposed to PDSCH interference load).
· In this case EPDCCH transmission quality will be generally mismatched compared to the corresponding CQI report unless the network can ensure equal interference load on EPDCCH and PDSCH.

Based on these observations we currently do not see a very strong need for additional randomization of EREG-RE mapping.
4
Conclusions
In this contribution we have discussed some of the remaining issues on EPDCCH resource mapping. Our proposals are summarized as follows:

Proposals: 

-
Each localized ECCE k=0,…,NECCE-1 within the PRB pair is formed from NEREG EREGs indexed as follows:


-
When NEREG=4: 
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-
When NEREG=8:
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-
Adopt the EREG cycling approach for distributed ECCE to EREG mapping.

-
The exact PRB pairs to which each ECCE is mapped are FFS (depend on possible numbers of PRB pairs within the EPDCCH sets).

-
The exact indexing of the distributed ECCEs is FFS.

Regarding randomization of EREG-RE mapping, we currently do not see any strong need to adopt additional randomization mechanisms.
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