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1 Introduction
In RAN1#70, following were agreed on PUCCH resource allocation for EPDCCH [1]:

	· Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination 

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set
· FFS until RAN1#70bis between
· Option A) not to use dynamically signaled PUCCH resource offset by EPDCCH
· Option B) dynamically signaled PUCCH resource offset by EPDCCH
· Whichever of options A and B is chosen, RRC signalling will not be introduced.
· FFS until RAN1#70bis for localized EPDCCH among
· Option X) not to use antenna port index
· Option Y) to use antenna port index of EPDCCH
· Option Z) to use antenna port index of PDSCH
TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact


In RAN1#70bis, further agreements were made [2]:
	· Search space and aggregation levels

· Agreement (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

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed (check on Thur). 
· Conclusion: No consensus to introduce RRC signalling for configuration selection. 

· PUCCH resource allocation for EPDCCH

· Conclusion: No additional RRC bits for PUCCH resource allocation configuration. 


This document discusses following aspects:
· The need of ARI for PUCCH resource index determination

· Offset values of ARI indication
TDD and carrier aggregation aspects are discussed in [3] and [4], respectively.
2 The need of dynamic offset for PUCCH resource index determination of EPDCCH-scheduled PDSCH
2.1 PUCCH resource management without dynamic offset
In RAN1#70bis, we discussed the need of dynamic offset mechanism for PUCCH resource index determination by using ARI. Before the discussion of the need of dynamic offset indication, we describe PUCCH resource management method itself when EPDCCH is configured. We envisage at least following two example operation. The order of PUCCH resource regions may also have variations. 
Opt. 1. PUCCH resource regions for PDCCH, EPDCCH set (1) and EPDCCH set (2) are not overlapped.
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Fig.1.  Non-overlapping operation of PUCCH resource regions.
Opt. 2. PUCCH resource region for EPDCCH set(1) and EPDCCH set(2) are overlapped but not overlapped with PUCCH resource region for PDCCCH.
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Fig.2.  Overlapping operation of PUCCH resource regions.
In Opt. 1, the total number of PUCCH resources required for PUCCH format 1a/1b is large. For instance, when K=2, N=4, and the number of eCCEs per PRB pairs is 4, the total number of eCCEs per DL subframe is 32. Assuming PUCCHshift = 2, the PUCCH overhead corresponding to the EPDCCH is almost 2 PRBs. With 10MHz bandwidth (50 PRBs), this corresponds to 4% additional PUCCH overhead. Although the maximum number of EPDCCH sets for each UE is limited to 2, the NW may configure more than 2 EPDCCH sets in the cell; larger number of PUCCH resource regions may need to be reserved. Furthermore, in TDD, the number of PUCCH resource regions is proportional to the ratio of DL:UL subframe. Therefore, PUCCH overhead in Opt. 1 is not negligible and causes uplink throughput degradation.
On the other hand, in Opt. 2, PUCCH overhead is smaller by configuring multiple PUCCH regions being overlapped. However, EPDCCH blocking probability increases due to PUCCH resource collision. Figure 3 shows EPDCCH blocking probability as a function of the number of EPDCCH UEs. In the evaluation, EPDCCH scheduler checks all the possibilities of EPDCCH within search spaces to avoid EPDCCH blocking as well as PUCCH collision. However, as can be seen from the result, EPDCCH blocking probability in case 100% overlapping is 4-20 times higher than that in case of non-overlapping. The EPDCCH blocking causes downlink throughput degradation.
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(a) Prob_AL: {1, 2, 4, 8}={60%, 20%, 15%, 5%}
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Fig.3.  EPDCCH blocking probability (without dynamic offset).
By introducing ARI, the PUCCH collision can be avoided even in the case of overlapping; i.e., Fig. 2. The effectiveness of PUCCH collision avoidance depends on the number of PUCCH resource candidates the ARI can indicate. Figure 4 shows the EPDCCH blocking probabilities when ARI is introduced. In this simulation, we assume AL=1, 2, 4, and 8, are generated according to the probabilities of {60%, 20%, 15%, 5%}, or {10%, 60%, 20%, 10%}. The number of decoding trial for each aggregation level is {3, 3, 1, 1} per EPDCCH set (totally {6, 6, 2, 2}). Rel.8 hushing function is adopted for simplicity. As a dynamic offset, 2 candidates {0, +1} or 4 candidates {0, +1, +2, +3} are assumed. It can be seen that by introducing dynamic offset, the EPDCCH blocking probability could be significantly suppressed. If the number of candidates is 4, almost same EPDCCH blocking probability as with non-overlapping case is achievable up to around 10 UEs.
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Fig.4.  EPDCCH blocking probability (with dynamic offset).
2.2 Impact of ARI introduction on EPDCCH
The additional RE usage due to the ARI-field is much smaller when we compare with the uplink resource reduction of PUCCH. Assuming 2-bit ARI, 10 DL DCIs with ARI in a subframe, and average EPDCCH coding rate 1/3, the average required REs for ARI-field in a subframe is around 30 REs. The 30 REs is equivalent to about 0.17 PRBs, which is 0.4% of bandwidth for 10MHz. On the other hand, ARI can reduce 4% PUCCH usage. Therefore, with the cost of downlink 0.4% resource, 4% uplink resource reduction is obtained by ARI. This is 10 times gain.
We received the comment that the introduction of ARI-field in DL DCI transmitted on EPDCCH degrades the BLER performance of EPDCCH and hence reduces the coverage or EPDCCH efficiency. However, we found that the impact of additional 1-bit or 2-bit ARI on average BLER performance is marginal. Figure 5 compares BLER performances of EPDCCH when the payload sizes of DCI format 1A are 43bits (conventional), 44bits (1-bit additional payload), 45bits (2-bit additional payload), and 47bits (4-bit additional payload). Aggregation level 1, 2, 4, and 8, are evaluated . From the result, when aggregation level is 2, the required SNR for achieving BLER=10-2 is about 3.1dB for 43bits payload, while it is about 3.3dB for 45bits payload. Since the coverage of EPDCCH is a function of BLER performance with higher aggregation level such as AL=4 or AL=8, the impact of additional payload on EPDCCH coverage could be negligible. Even for the aggregation level 1, the required SNR increase due to 2 bits additional payload is about 0.5dB. As PUCCH resource size is dimensioned by lower aggregation level and PUCCH blocking is more in lower aggregation level, the gain obtained by ARI like 4% order PUCCH resource size reduction  is worth effort compared with 0.5dB degradation. In case of larger size DCI format like 2C, the difference of coding rate by adding ARI is less compared with smaller DCI format 1A. Therefore, difference of BLER is further reduced compared with the case of DCI format 1A. In addition, the DL coverage is factored by DCI format 1A than larger TM dependent DCI format. The result of DCI format 2C is summarized in Annex.
Hence, we propose to introduce 2-bit ARI on DL DCI..
Note that the additional bits on DCI is now being discussed on CoMP DCI format 2D [5]. Although CoMP allows PRB pair level interference coordination for EPDCCH and cell size is limited to single FFT modelling, to add 2 bits by ARI and to add 2 bits for state indication for DCI format 2D could be debatable. For DCI foramat 2D, 1 bit state indication and 1 bit ARI may be better as the alternative depending on the conclusion of DCI format 2D.
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Fig.5.  Impact of ARI introduction on EPDCCH BLER performance.
Proposal1:

Introduce 2-bit ARI on all the DL DCI formats. The ARI based dynamic offset is quite effective to overlap the PUCCH regions, while keeping EPDCCH blocking probability as it is when PUCCH regions are not overlapped. Its negative impact on EPDCCH BLER performance is negligible. The additional DL overhead due to ARI is only 1/10 compared with UL overhead when ARI is not introduced.
3 Detailed offset values of ARI indication
In this section, exact 4 values indicated by 2-bit ARI are discussed. Possible criteria to determine the exact offset values indicated by ARI are as follows:

· Small offset such as +1 or +3 should be indicated by ARI since it reduces PUCCH collision probability while additional PUCCH overhead is not so large. The small offset values should not be +2, +4, +8, … since the value x satisfying (x mod 2)=0, (x mod 4)=0, or (x mod 8)=0, is frequently used as the lowest eCCE index when aggregation level more than 1 is realized by consecutive ECCEs. It was confirmed by simulation that the offset {+1, +3, +5, …} offers better performance than the offset {+2, +4, +6, …}; see Fig. 6.
· Large offset enough to jump beyond whole the PUCCH region should be indicated by ARI since it realizes PUCCH region expansion in case PUCCH regions corresponding to different EPDCCH sets are overlapped. This is also useful for simple EPDCCH scheduler; by indicating large offset to a group of UEs operated by one of EPDCCH sets, PUCCH collision can be avoided without taking account PUCCH collision within the PUCCH region.
· In case PUCCH regions corresponding two EPDCCH sets configured to a UE are not overlapped, small offset is preferable to avoid excessive larger PUCCH overhead even if the number of EPDCCH UEs is small.
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Fig.6.  Impact of small offset value difference by ARI on BLER performance.
According to the above consideration, we propose following ARI usage. EPDCCH set (1) and EPDCCH set (2) are assumed to be configured to a UE, where semi-static PUCCH starting offsets are denoted as N(1)PUCCH-EPDCCH(1) and N(1)PUCCH-EPDCCH(2), respectively. When the EPDCCH for the UE is transmitted on EPDCCH set (i) and the lowest eCCE index used to construct the EPDCCH is given by neCCE-EPDCCH(i), the ACK/NACK resource index is determined as
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where the value of ARI is determined by the following table.

Table. 1.   Dynamic offset values corresponding to ARI values
	ARI value
	ARI (when PUCCH regions of EPDCCH sets are overlapped)
	ARI (when PUCCH regions of EPDCCH sets are not overlapped)

	00
	0
	0

	01
	+1
	+1

	10
	(No. of eCCEs in the EPDCCH set (i))
	+3

	11
	(No. of eCCEs in the EPDCCH set (i))+1
	+5


In this method, three criteria described above are satisfied. Figure 7 illustrates an image of operation. When the PUCCH resource regions are overlapped, large offset can be indicated so as to surely avoid PUCCH collision. This large offset is also beneficial for simple EPDCCH scheduler; the scheduler do not need to take care of PUCCH collision by indicating large offset to UEs sharing one of EPDCCH sets. On the other hand, when the PUCCH regions are not overlapped, all the ARI shift values are small. Even if other EPDCCH sets are configured to other UEs and their PUCCH regions are overlapped in a non-transparent manner, the PUCCH collision can be avoided by using the ARI dynamic offset.
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Fig. 7.  Proposed ARI usage.
Proposal 2:

When two PUCCH resource regions for each EPDCH set are overlapped, ARI indicates small or large offsets. Two large offset value are a function of the number of eCCEs in the EPDCCH set. When PUCCH resource regions are not overlapped, ARI indicates small offsets.

4 Conclusion
In this contribution, we propose to introduce 2-bit ARI. It was confirmed by simulation that ARI offers outstanding merits on PUCCH resource management, while the negative impacts on EPDCCH performance and efficiency are marginal. We also propose the usage of 2-bit ARI. In our proposal, ARI interpretation is differentiated according to the EPDCCH sets and thier PUCCH configurations. We consider this ARI usage is the best taking into account additional RRC parameters are not allowed.
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5 Annex
We evaluated BLER performances of DCI format 1A and 2C assuming 0, 1, 2, and 4 bits extensions. The simulation assumptions are as follows:
[image: image12.emf]Parameter Assumption/Value

Channel model SCM-B (30km/h)

SNR on x-axis Average SNR in aggregated RBs

 

over the simulation run time

System BW 10 MHz

Carrier Frequency 2.0 GHz

Modulation QPSK

Precoding is randomly selected RB by RB without feedback and without overlap.

2x2 : Codebooks (0,1,2,3) with layer =1(TS 36.211 Table 6.3.4.2.3-1)

Channel estimation Real channel estimation per RB pair

27/30/36

eREG to RE mapping are shown in following figures.

This mapping is common among PRB pairs.

Spatial diversity order 2

AP 107 and AP 109 (same as AP7 and AP9 in PDSCH)

RE to AP mapping is shown in following figure. This mapping is common

among PRB pairs.

DCI format [1A]

Payload size Without extension :43 bit payload including CRC (16bits)

1 bit extension      :44 bit payload including CRC (16bits)

2 bit extension      :45 bit payload including CRC (16bits)

4 bit extension      :47 bit payload including CRC (16bits)

[2C]

Without extension :58 bit payload including CRC (16bits)

1 bit extension      :59 bit payload including CRC (16bits)

2 bit extension      :60 bit payload including CRC (16bits)

4 bit extension      :62 bit payload including CRC (16bits)

Precoding Model

The number of actual REs per eCCE

Antenna port


One of the results was an average BLER performance of DCI format 1A shown in Fig. 5. In the following, we show required SNR of DCI format 1A or 1B for achieving BLER=10-2. It can be seen that the additional 2 bits does not affect on the performance significantly, even for DCI format 2C (up to around 1.0dB). 
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Fig. A.  Required SNR for achieving BLER=10-2.
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