
3GPP TSG-RAN WG1 Meeting #70
R1-123584
Qingdao, China, 13th– 17th August 2012
Agenda item:

7.6.1
Source:
Renesas Mobile Europe Ltd
Title:
eREG resource mapping
Document for:

Discussion and Decision

1
Introduction

In RAN1#69, the following agreement was made regarding ePDCCH resource mapping:

· 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} (FFS, revisit on Wed to narrow down – 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


In [1], we have discussed the number of eCCEs and eREGs in both normal and special subframes. In this contribution we further discuss the mapping of eREGs to resources, as well as mapping of eREGs to eCCEs for both localized and distributed allocations.
2
Mapping of eREGs to resources
In [1] we have concluded that the number of eREGs within a PRB pair in a normal subframe should be 16. Hence, the 144 non-DMRS resource elements within a PRB pair in a normal subframe will be split into 16 eREGs of 9 resource elements each. The aspect discussed here is how to map these 16 eREGs of 9 resource elements into the PRB pair. 
In [2], simulation results were presented showing essentially that from the perspective of edge effects inherent in channel estimation, the resource mapping of one localized eCCE could be either scattered over the whole PRB pair, or non-scattered for example within three subcarriers in pure FDM manner. On the other hand, it was also observed that scattering the eCCE over the whole PRB pair would imply close to equal number of available REs in all localized eCCEs within a PRB pair, simplifying ePDCCH scheduling and link adaptation at the eNB size since the allocation would not impact code rate. A simple way to achieve such scattered mapping of eCCEs would be to interleave the eREGs (out of which the eCCEs are constructed) and then map them in frequency-first manner to the PRB pair. This mapping is illustrated in Figure 1. Note that as will be further discussed in the next section, our view is that also localized eCCEs are split into eREGs and hence the eREG mapping as shown below would be used for both localized and distributed allocations.
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Figure 1. Illustration of the proposed eREG resource mapping in normal subframes.
In [3], it was further proposed that an additional cyclic shift of n resource elements would be used in OFDM symbol n in order to reduce the probability that other channels would collide with the same eREGs, i.e. in order to reduce the differences between the numbers of available REs in different eREGs. However, there does not seem to be any compelling reason to have equal number of available REs in all eREGs as such. Rather (close to) equal number of REs in different eCCEs (both localized and distributed) should be ensured as the eCCE is the minimum allocation for ePDCCH. As will be discussed in detail in the next section, this can be achieved also with a proper eREG to eCCE mapping if the proposed eREG resource mapping is also utilized.
As discussed in [1], special subframe provides less available REs per PRB pair and the number of REs varies depending on special subframe configuration; however it seems undesirable and unnecessary to adopt a different number of eREGs per special subframe configuration. In fact, less available REs in a special subframe is similar to the case of more REs being punctured by other signals in a normal subframe. Hence it only affects the available REs per eREG, while the number of eREGs can be kept unchanged for simplicity. So, for special subframes, we prefer to keep the same number of eREGs and the same mapping principle from eREG to REs as in normal subframes. The mapping for special subframe configurations 1 and 6 is illustrated in Figure 2. In the example in Figure 2, the eREG #1-#4 have 1 more RE than other eREGs for the configuration of 0 CRS and 0 PDCCH symbol (NCT), however, by utilizing proper eREG to eCCE mapping shown in section 3, equal eCCE sizes can still be guaranteed.
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Figure 2. Illustration of the proposed eREG resource mapping in special subframe configurations 1 and 6.
Proposal:

- 
The 16 eREGs within a PRB pair in both normal and special subframes shall be interleaved and then mapped to REs in frequency-first order.

3
Mapping of eREGs to eCCEs

The remaining issue is the mapping between eREGs and eCCEs. In order to simplify the mapping, we think that also localized eCCEs should be divided into four eREGs each. This also enables mapping of both localized and distributed allocations within the same PRB pair if that is deemed necessary [4]. As mentioned, while there does not seem to be any strong reason to make eREGs to have the same size, from ePDCCH scheduling and link adaptation perspective it would be beneficial to make eCCEs to have the same size as closely as possible. Fortunately with the proposed eREG resource mapping there is a way to map eREGs to eCCEs such that equal size eCCEs are achieved with both localized and distributed allocations in most cases. Hence our view is that eREG to eCCE mapping should be designed such that (close) to equal size eCCEs are obtained.
Assume indexing of the 16 eREGs per PRB pair from m=0,…,15. As discussed in [1], we prefer to use 4 eREGs per eCCE at least for normal subframes (4 eCCEs). Then for localized allocations, equal size eCCEs can be formed by taking eREGs k+4i, i=0,...,3 for eCCE index k (k=0,...,3) within each PRB pair. With this approach, almost equal size eCCEs are obtained: In case of 1 CRS antenna port there are some size differences of 1 RE between the eCCEs, however such size differences are anyway unavoidable due to the number of available REs which is not divisible by four. Also in CSI-RS subframes there may be some size differences depending on the CSI-RS configurations. On the other hand with other configurations in non-CSI-RS subframes equal size eCCEs are obtained. For example with a typical configuration of 2 CRS and 2 PDCCH symbols, the available REs for the 16 eREGs are 6, 5, 7, 6, 7, 7, 6, 7, 6, 7, 8, 6, 8, 8, 6, 8 respectively, and by forming eCCEs according to the above rule, equal size eCCEs of 27 REs are obtained. Figure 3 illustrates how the localized eCCEs map to the PRB pair with the proposed eREG resource mapping and eREG to eCCE mapping.
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Figure 3. Illustration of eREG to eCCE mapping in case of localized eCCEs (normal subframe).
Similarly, equal size eCCEs can be obtained for distributed allocations by forming each eCCE k (k=0,…,15) across the four PRB pairs using eREG indices (k+4i) mod 16, where each eREG i=0,...,3 is taken from a different PRB pair. Note that we assume here that the eCCE spans four PRB pairs [4]. The eREG to eCCE mapping for normal subframes is illustrated in Figure 4. As mentioned in [1] our slight preference currently is that also in special subframes the number of eCCEs per PRB pair would be four. In that case the same eREG-eCCE mapping is followed also in special subframes.
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Figure 4. Illustration of eREG to eCCE mapping. Here we index the eREGs in each PRB pair separately from 0 to 15.
Table 1 gives the number of REs in each eCCE and the maximum eCCE size difference in different configurations. It can be seen that though the eREGs have unequal size, the eCCEs on the other hand have very balanced number of REs.
Table 1. Number of REs (and the maximum size differences) per eCCE in different configurations.
	
	Normal subframe

	#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)


Proposals:
· Target equal size eCCEs with eREG-eCCE mapping.

· At least for normal subframes, 

· for localized allocations eCCE k (k=0,…,3) within each PRB pair is formed by grouping 4 eREGs k+4i where each eREG i=0,…,3 is from the same PRB pair.
· for distributed allocations eCCE k (k=0,…,15) across four PRB pairs is formed by grouping 4 eREGs (k+4i) mod 16 where each eREG i=0,…,3 is from a different PRB pair.

4
Conclusions

In this contribution we have discussed mapping of eREGs to resources and mapping between eREGs and eCCEs. Our proposals are summarized as follows:

Proposals:
· The 16 eREGs within a PRB pair in both normal and special subframes shall be interleaved and then mapped to REs in frequency-first order.

· Target equal size eCCEs with eREG-eCCE mapping.

· At least for normal subframes, 

· for localized allocations eCCE k (k=0,…,3) within each PRB pair is formed by grouping 4 eREGs k+4i where each eREG i=0,…,3 is from the same PRB pair.

· for distributed allocations eCCE k (k=0,…,15) across four PRB pairs is formed by grouping 4 eREGs (k+4i) mod 16 where each eREG i=0,…,3 is from a different PRB pair.
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