
3GPP TSG RAN WG1 #71
        

              R1-124921
New Orleans, USA, November 12 – 16, 2012
Agenda item:
6.2.3.2
Source: 
Samsung 

Title: 



    Allocation of EPDCCH Candidates
Document for:
Discussion and Decision
1 Introduction

The maximum number of EPDCCH sets was agreed to be K=2 resulting to the following possible combinations for the number of distributed sets KD and the number of localized sets KL: {KL = 1, KD = 0}, {KL = 0, KD = 1},  {KL = 1, KD = 1}, {KL = 0, KD = 2}, {KL = 2, KD = 0}. It is FFS whether system bandwidth related restrictions to valid combinations of values of N and K can be agreed. 
The main remaining aspects for the definition of the search space candidates include:

a) The support of aggregation level (AL) 16/32 for distributed EPDCCH and 8/16 for localized EPDCCH depending on whether the number of REs available for transmitting EPDCCH per PRB pair is larger/smaller than a threshold and the definition of this threshold.

b) The allocation of EPDCCH candidates to ALs and EPDCCH sets.

This contribution considers the second aspect. The first aspect is considered in [1].

2 Allocation of EPDCCH Candidates
A UE configured for EPDCCH monitoring in respective subframes, will decode 16 EPDCCH candidates in the USS for each of DCI Format 0 or 1A, DCI Format of configured DL TM and, if configured for UL SU-MIMO, DCI Format 4. EPDCCH decoding is different than PDCCH decoding in three main aspects:
a) EPDCCH candidates may need to be distributed over multiple EPDCCH sets.

b) ECCE ALs may be different than CCE ALs and may further depend on the EPDCCH type (distributed or localized).

c) For AL of one ECCE, the code rate for transmitting some DCI formats is always larger than 1. 

The allocation of EPDCCH candidates to the different ALs should address the above three aspects. DCI formats can be distinguished in to two groups [2] depending on their payload size (transmission code rate). The first group consists of DCI formats 0/1A, 1B, 1D and the second group consists of DCI formats 2, 2A, 2B, 2C, and 2D. DCI format 4 fits better in the second group for small BWs and in the first group for medium/large BWs but since simplification and optimization for medium/large BWs are desirable, DCI format 4 can be included in the first group.  

The distribution of EPDCCH candidates to different ECCE ALs, EPDCCH sets, and DCI format groups should fulfill some underlying principles to enable proper functionality including:
a) If the number of ECCEs in an EPDCCH set is less than the number of ECCEs for an AL, the respective candidates are allocated to the next immediately smaller AL. If the maximum number of candidates that can be supported for an ECCE AL in an EPDCCH set is reached, remaining candidates are allocated to the next immediately smaller AL.
a. For example, for 2 PRB pairs in an EPDCCH set, an AL of 16 ECCEs is obviously not possible and there can be only 1 candidate for an AL of 8 ECCEs and only 2 candidates for an AL of 4 ECCEs.
b) For an EPDCCH set of 2 PRB pairs, the number of candidates per ECCE AL is practically determined by the total number of ECCEs in the set. 

c) For distributed EPDCCH, the maximum AL is 16 ECCEs regardless of Xthresh. For localized EPDCCH, the maximum AL is 4 ECCEs when the number of REs available for transmitting EPDCCH in a PRB pair (NRE) is larger than or equal to Xthresh; otherwise, if NRE < Xthresh, the maximum AL is 8 ECCEs [1].

d) A minimum AL of 2 ECCEs for the transmission of a DCI format is intended to avoid large transmission code rates that would exist in case of AL of 1 ECCE. For DCI formats in the second group for which the transmission code rate with AL of 1 ECCE is practically always larger than 1, the distribution of EPDCCH candidates is always the same as for DCI formats  from the first group when NRE < Xthresh [1] (i.e. it is fixed and does not depend on the NRE value).
e) For distributed EPDCCH, the BLER is about 4 dB worse than for PDCCH (~2.5-3 dB due to worse link level performance and an additional ~1.0-1.25 dB due to less than 36 available REs per ECCE). This can serve as a reference for the distribution of EPDCCH candidates per ECCE AL relative to the one for PDCCH. 

f) For localized EPDCCH, the number of candidates for each AL should be such that the frequency selectivity of the channel is sufficiently captured. Therefore, configurations for which the number of candidates for an AL is significantly smaller than the number of configured PRB pairs are not useful. 

g) It is assumed that localized EPDCCH transmission in 2 PRB pairs is supported (e.g. for AL of 8 ECCEs when NRE < Xthresh). Then, an additional PRB pair adjacent to a configured one (same RBG) is assumed.

h) For KD=1 and KL=1, there is no need to support AL above 4 ECCEs for localized EPDCCH as coverage is provided by distributed EPDCCH and having a much smaller number candidates for large ECCE ALs than the number of PRB pairs is not beneficial for localized EPDCCH where it is preferable to allocate these candidates either to distributed EPDCCH or to smaller ECCE ALs for localized EPDCCH in order to increase their number.
i) For KD=2, more candidates may be in the first set in order to balance the objectives of not using the second set when additional capacity is not needed while limiting the increase in blocking probability due to splitting the candidates.
Additionally, one FFS aspect from RAN1#70bis is for system bandwidth related restrictions to valid combinations of values of N and K. There are clearly certain such combinations which are of little practical need and omitting their support in Rel-11 can meaningfully avoid unnecessary specifications and testing. 
a) There is no practical need to support KL = 2 for any system bandwidth. The only relevant use case of KL = 2 is for DPS CoMP of EPDCCH. However, localized EPDCCH is not practically likely for DPS CoMP of EPDCCH and, even if a network uses DPS CoMP for EPDCCH, this is much more likely to be supported with KD = 2 (or with KD = 1 and KL = 1). Therefore, to simplify specifications and testing, a distribution of EPDCCH candidates may not be defined for KL = 2.
b) There is no practical need to support KD = 2 with at least one set having 2 PRB pairs. Due to poor frequency/ interference diversity and link adaptation of EPDCCH transmissions over 2 PRB pairs, any potential resource utilization gain from using a set of 2 PRB pairs, instead of a set of 4 PRB pairs, is unlikely to exist.
Proposal 1: KL = 2 and KD = 2 with at least one set having 2 PRBs pairs are not supported in Rel-11.   

Considering the above underlying design principles and avoiding support of unnecessary combinations, a resulting distribution of EPDCCH candidates is presented in Table 1.  
Table 1: Distribution of EPDCCH candidates to ECCE ALs for combinations of KD, KL, and N.
	
	Normal subframes, special subframes with configuration 3, 4, 8, NRE < Xthresh and normal CP, and 2nd group of DCI formats
	All other cases

	KD
	KL
	N1
	N2
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=16

	1
	0
	2
	0
	4
	2
	1
	0
	8
	4
	2
	1
	0

	
	
	4
	0
	8
	4
	2
	1
	3
	6
	4
	2
	1

	
	
	8
	0
	4
	6
	4
	2
	3
	6
	4
	2
	1

	0
	1
	2 
	0 
	4 
	2 
	2 
	0 
	8 
	4 
	2 
	0 
	0 

	
	
	4 
	0 
	8 
	4 
	4 
	0 
	6 
	6 
	4 
	0 
	0 

	
	
	8 
	0 
	6 
	6 
	4 
	0 
	4
	8 
	4 
	0 
	0 

	2
	0
	4 (or 8)
	4 (or 8)
	4,2 
	4,2 
	1,1
	1,1 
	2,0
	4,2
	3,1
	1,1
	1,1

	1
	1
	4 or 8
	2 
	0,4
	4,2
	2,0
	1,0
	0,4
	1,2
	4,2
	2,0
	1,0

	
	
	4 or 8
	4
	0,6
	2,4
	2,0
	2,0
	0,4
	0,4
	2,4
	1,0
	1,0

	
	
	4 or 8
	8
	0,8
	2,4
	1,0
	1,0
	0,8
	0,4
	2,0
	1,0
	1,0


Proposal 2: The distribution of EPDCCH candidates to ECCE aggregation levels for the combinations of KD, KL and N is as in Table 1.
One other FFS aspect is the indication of PRB pairs for each EPDCCH set. A PRB pair based bit-map provides a network with all necessary flexibility to configure the EPDCCH sets while considering other operational aspects such as ICIC for EPDCCH and for PDSCH, reduction in bandwidth/RBG fragmentation from multiple EPDCCH sets, etc. However, as the maximum overhead of PRB pair based bit-map is 200 bits (at 20 MHz) which is non-negligible even for RRC signaling, as PDSCH resource allocation is typically in RBGs, and as for both distributed and localized EPDCCH sets the respective PRB pairs should be distributed in frequency to provide frequency/interference diversity or FDS/beamforming opportunities, the indication of PRB pairs can be in granularity of an RBG or even larger (i.e. a PRB pair allocation based on RA type 0 can be used).  

Proposal 3: A bit-map indicates RBGs containing PRB pairs for an EPDCCH set. 
3 Conclusions

This contribution considered the FFS distribution of EPDCCH candidates to ECCE aggregation levels and the relevant combinations of KD, KL and N. The following are proposed. 
Proposal 1: KL = 2 and KD = 2 with at least one set having 2 PRBs pairs are not supported in Rel-11.   

Proposal 2: The distribution of EPDCCH candidates to ECCE aggregation levels for the combinations of KD, KL and N is as in Table 1.

Proposal 3: A bit-map indicates RBGs containing PRB pairs for an EPDCCH set. 
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