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1. Introduction

Agreement related to EPDCCH eCCE/eREG to RE mapping is made in RAN1#70 as follows:
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) 
· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 
· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

It is noted that in the agreement there is a working assumption that Xthresh =104. However, in this contribution it is shown that this working assumption on the threshold value could lead to “non-decodable” decoding candidates especially for those large DCI formats (e.g. DCI format 2C). These “non-decodable” decoding candidates affect the system performance and it is weird for UE to monitor “non-decodable” decoding candidates. As a result, we propose to dynamically adjusted the threshold to make every decoding candidate can be at least “decodable”, i.e. having code rate smaller or equal to 1.
2. Discussion 
In RAN1#70, it is agreed that in normal subframes (normal CP) or special subframe configurations 3,4,8 (normal CP), aggregation levels supported for EPDCCH are determined based on the number of available REs in a PRB pair. The threshold value of the number of available REs in a PRB pair is discussed in [1] and a working assumption that Xthresh =104 is made. According to discussion in [1], the value of threshold is chosen to allow the same switching operation (different aggregation levels) in special subframe configuration #3 and #8 (both have maximum 108 available REs in a PRB pair). And the threshold should be divisible by 4 to make 4 equal-sized ECCE in each PRB pair. Therefore, 104 is the maximum value which satisfies the above requirements. 104 is also able to keep about 0.8 code rate for DCI 1A. The minimum possible number of REs used by one DCI message is thus 104/4 =26. 
Nevertheless, we notice that if 104 is chosen as the fixed threshold value, in some cases we will have decoding candidate which has code rate higher than 1 (e.g. aggregation level 1 candidates for DCI 2C). In general, if a codeword has code rate higher than 1, it is regarded as a “non-decodable” codeword because reliable decoding cannot be achieved even with extremely high SINR. Take DCI format 2C in 10MHz FDD systems for example. The size of DCI payload is 58 (42+16 CRC bits). With QPSK modulation, 29 REs make exactly code rate 1. Having 104 as the threshold, it still possible that there are only 26~28 REs per ECCE. In this case, the aggregation level 1 decoding candidates of DCI 2C have code rate higher than 1 and therefore are “non-decodable”. A simple simulation result with AWGN channel is depicted in Fig. 1. The BLER performances of DCI 2C with 58 bits and different number of used REs (different code rate) are observed. It is shown that with code rate being closer but still smaller to 1, the performance becomes worse but still able to achieve 1% BLER with high SINR (~12dB). However, if code rate is larger than 1, 1% BLER can never be achieved. As a result, these decoding candidates cannot be used for EPDCCH. Table 1 list the payload size and the minimum required REs to achieve code rate smaller than or equal to 1 for DCI 1A and 2C. It is observed that for DCI 2C, in a lot of cases (colored in red, mainly in medium to large system bandwidth) the minimum required number of REs to achieve code rate smaller than or equal to 1 is larger than 26 REs which is the minimum possible size based on current working assumption 104. And it is noted that Table 1 does not consider the possible configuration of additional DCI bits (e.g. Carrier indicator) and other large DCI formats (e.g. 2, 2A, 2B). The problem will become even more severe if these aspects are considered.
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Figure1.BLER with different code rate
Therefore, based on current working assumption, it is kind of weird to us that an UE could monitor a decoding candidate which is “non-decodable” in a lot of cases. Of course UE can simply not decode these decoding candidates, but UE will lose the probability to be scheduled at aggregation level 1 even with good channel condition. And the number of blind decoding candidates for aggregation 1 is generally higher than other aggregation levels. Blocking rate will be increased a lot. We understand the motivation of current woring assumption to keep the worst case fallback DCI code rate to 0.8. However, the main target of EPDCCH is TM-dependent DCI (which is expected to be used more often especially for format 2C). We can accept worse performance for TM-dependent DCI but it seems unreasonable to have “non-decodable” decoding candidate for TM-dependent DCI in a lot of cases. 
As a result, our view is that the threshold value for switching aggregation level should at least make the TM-dependent DCI have code rate smaller than or equal to 1. To strike a balance between resource efficiency and reliablilty, it seems reasonable to dynamically set the threshold value based on the monitoring DCI payload size to make sure every decoding candidate can be at least “decodable”, i.e. having code rate smaller than or equal to 1. For example, with a DCI format 2C payload which has 58 bits and 29 REs are required for code rate equal to 1, the threshold should be at least 29*4 = 116. It is also noted that based on current agreement the threshold is used to switching aggregation levels rather than number of ECCEs in a PRB pair. There is no problem on ECCE numbering when each UE has different supported aggregation levels. When different transmission modes, system bandwidth or additional configurations are configured, the threshold value should be dynamically adjusted according to the corresponding monitoring DCI payload size. This may skip the switching operation in special subframe configuration #3 and #8 when the threshold value is higher than or equal to 108, but it seems to be fairly trade-off.
Another possibility to solve the problem is to vary the number of decoding candidates for each aggregation level if some candidates has code rate higher than 1, however we think it is simpler to vary the threshold. Considering some motivations in [1], it seems reasonable to have minimum threshold value equal to 104 and allow the threshold value be adjusted to higher value depending on corresponding monitoring DCI payload size.
Proposal: The minimum threshold value of switching search space is 104 and the threshold value can be dynamically adjusted based on the monitoring DCI payload size to make sure every decoding candidate has code rate smaller than or equal to 1.
Table1 DCI payload size (bits)/minimum required number of REs to achieve code rate smaller than 1 (REs) for different FDD and TDD systems, additional bits from configuration is not counted
	Number of PRB pairs (Bandwidth)
	6(1.4 MHz)
	15(3MHz)
	25(5MHz)
	50(10MHz)
	75(15MHz)
	100(20MHz)

	Format 1A (FDD)
	36(bits)
/18(REs)
	38(bits)
/19(REs)
	40(bits)
/20(REs)
	42(bits)
/21(REs)
	43(bits)
/22(REs)
	44(bits)
/22(REs)

	Format 1A

(TDD)
	39(bits)
/20(REs)
	41(bits)
/21(REs)
	43(bits)
/22(REs)
	45(bits)
/23(REs)
	46(bits)
/23(REs)
	47(bits)
/24(REs)

	Format 2C

(FDD)
	46(bits)
/23(REs)
	49(bits)
/25(REs)
	54(bits)
/27(REs)
	58(bits)
/29(REs)
	60(bits)
/30(REs)
	66(bits)
/33(REs)

	Format 2C

(TDD)
	49(bits)
/25(REs)
	52(bits)
/26(REs)
	57(bits)
/29(REs)
	61(bits)
/31(REs)
	63(bits)
/32(REs)
	69(bits)
/35(REs)


3. Conclusion
In this contribution, we discuss the threshold value of switching EPDCCH search space and propose to:
Proposal: The minimum threshold value of switching search space is 104 and the threshold value can be dynamically adjusted based on the monitoring DCI payload size to make sure every decoding candidate has code rate smaller than or equal to 1.
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