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1   Introduction
In RAN1#70bis, several agreements related to EPDCCH configuration were made. In this document, we discuss the following remaining aspects

· Splitting of blind decodes between EPDCCH-PRB-sets
· Search space for localised and distributed transmission
2   Discussion
Splitting of Blind Decodes
In LTE Rel10, the UE monitors {6, 6, 2, 2} PDCCH candidates at aggregation levels {1, 2, 4, 8} respectively for two different DCI format sizes.  In RAN1#70, it was agreed that the maximum number of blind decodes for EPDCCH UESS is 32 (or 48 when UL MIMO is configured) per serving cell. It was also agreed that the total blind decodes for the UE are split between the configured EPDCCH-PRB-sets. 
In RAN1#70bis the following was agreed (per CC) 

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

Based on the agreements so far, in Tables 2a-2e, we provide our view on how blind decodes are split for monitoring EPDCCHs between different EPDCCH-PRB-sets. The allowed blind decoding (BD) combinations mentioned in Tables 2a-2e are explained in Table 1. The following aspects are considered while splitting the blind decodes:
· For distributed sets, UE monitors candidates at aggregation level 16 (or when available REs is < Xthresh, UE monitors candidates at aggregation level 32). This allows coverage for distributed transmission to be comparable to that of PDCCH.

· For localised sets, no candidates are monitored at aggregation levels higher than 4 (or when available REs is < Xthresh, no candidates are monitored at aggregation levels higher than 8) for small DCI formats.
· Aggregation level 1 is avoided for large DCI formats (e.g. DCI 2, 2C, 2D for 10/20MHz bandwidth).
Table 1 – Allowed BD combinations 

	Combination Name
	Blind decoding candidates for 
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	L32
	{6,6,4,0,0}
	{0,8,6,2,0}

	L20
	{6,2,2,0,0}
	{0,4,4,2,0}

	L16
	{4,2,2,0,0}
	{0,4,2,2,0}

	D32
	{6,6,2,1,1}
	{0,8,6,1,1}

	D20
	{4,2,2,1,1}
	{0,4,4,1,1}

	D16
	{2,2,2,1,1}
	{0,4,2,1,1}

	1Note: In subframes where the available number of REs per PRB-pair is less than Xthresh , aggregation levels {2,4,8,16,32} are monitored instead of {1,2,4,8,16} respectively.


Table 2a – Blind Decoding candidates for KL=1
	Set size (N L0)
	Supported BD combination

	2,4,8
	L32


Table 2b – Blind Decoding candidates for KD=1

	Set size (N D0)
	Supported BD combination

	2,4,8
	D32


Table 2c – Blind Decoding candidates for KL=2

	Set size (NL0,NL1)
	Supported BD combination

	{2,2}, {4,4}, {8,8}
	{L16,L16}

	{2,4}, {2,8}, {4,8}
	{L12,L20}

	{4,2}, {8,2}, {8,4}
	{L20,L12}


Table 2d – Blind Decoding candidates for KD=2

	Set size (ND0,ND1)
	Supported BD combination

	{2,2}, {4,4}, {8,8}
	{D16,D16}

	{2,4}, {2,8}, {4,8}
	{D12,D20}

	{4,2}, {8,2}, {8,4}
	{D20,D12}


Table 2e – Blind Decoding candidates for KL=1, KD=1

	Set size (NL0,ND0)
	Supported BD combination

	{2,2}, {4,4}, {8,8}
	{L16,D16}

	{2,4}, {2,8}, {4,8}
	{L12,D20}

	{4,2}, {8,2}, {8,4}
	{L20,D12}


Note: For Tables 2a-2e, in cases where the aggregation level of a given EPDDCH candidate exceeds the number of ECCEs in the set, the EPDCCH candidate is not monitored.

Proposal 1: Blind decodes are split between multiple EPDCCH-PRB-sets for each DCI format in a pre-defined manner as shown in Table 2a-2e.
EPDCCH Search Space
According to current RAN1 agreements, UE monitors a common search space (using PDCCH) in all non-DRX subframes. UE is configured with a set of subframes where it monitors EPDCCH UESS, and in subframes where it does not monitor EPDCCH UESS, it monitors PDCCH UESS according to the same procedure as in Rel10.  In this section we provide our view on how the UE monitors EPDCCH UE specific search spaces.
Given the agreement to configure the UE with multiple EPDCCH-PRB-sets, the eCCEs in each set, 
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 is determined by the UE from the size of the EPDCCH-PRB-set (i.e., N) and from number of eCCEs per PRB-pair (i.e., 4 or 2 based on Xthresh ). Detailed description of eCCE ( eREG ( RE mapping of eCCEs within each EPDCCH-PRB-set is given in [1]. 

Within each set, the UE monitors 
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 can be predefined in the specifications (e.g. using Table 1). 
For distributed EPDCCH-PRB-sets, same methodology as in Rel10 can be used for determining the eCCEs corresponding to the monitored EPDCCH candidates in each set. That is, the eCCEs corresponding to EPDCCH candidate m of the EPDCCH space 
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 is the total number of eCCEs in EPDCCH-PRB-set 
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 is the number of EPDCCH candidates to monitor in in EPDCCH-PRB-set 
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For localised EPDCCH-PRB-sets,  the eCCEs corresponding to EPDCCH candidate m of the EPDCCH space 
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where 
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A and D can be same values as in Rel10. 
This hashing function randomises the starting eCCE location of each monitored EPDCCH candidate. This spreads the eCCE candidate indices across all the configured PRB-pairs and allows the eNB the flexibility to pick the appropriate candidate based on CSI feedback. Also, Eq.2 ensures that for higher aggregation levels, the allowed starting eCCE indices are restricted such that eCCEs of a given EPDCCH candidate are adjacent as much as possible. For example, if 4 eCCEs are mapped per PRB-pair, all EPDCCH candidates up to aggregation level 4 have eCCEs that occupy the same PRB-pair. Annex A shows blocking probability statistics with the new hashing function and results show similar performance as that of Rel10.  

3   Conclusions
We propose the following
Proposal 1: Blind Decodes are split between multiple EPDCCH-PRB-sets in a pre-defined manner as shown in Tables 2a-2e.
Proposal 2: For EPDDCH-PRB-set
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configured for distributed transmission, the eCCEs corresponding to EPDCCH candidate m in subframe 
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of the EPDCCH search space 
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. Other parameters are same as in Rel10.

Proposal 3: For EPDDCH-PRB-set
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configured for localised transmission, the eCCEs corresponding to EPDCCH candidate m in subframe 
[image: image38.wmf]k

of the EPDCCH search space 
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5 Annex A - Blocking Probability Results
Figure A1 shows probability of EPDCCH blocking for 1 subframe. Figure A2 shows probability of EPDCCH blocking for 2 consecutive subframes. 

The figures compare performance of proposed hashing function (HF) for localised EPDCCH (where starting eCCE index of each candidate at each aggregation level is randomly determined) with that of Rel8 hashing function. As seen from the figures, the performance of both hashing functions is comparable. 
Simulation Methodology:

For each subframe, the number of eCCEs required for each EPDCCH is randomly drawn from the following distribution. PDDCHs are scheduled in round robin manner but blocked PDCCHs are given higher priority in subsequent subframes. 
	Aggregation level
	1
	2
	4
	8
	16

	Probability
	0.5
	0.4
	0.1
	0
	0
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Figure A1- Probability of EPDCCH blocking for 1 subframe
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Figure A2- Probability of EPDCCH blocking for 2 consecutive subframe
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