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1  Introduction
In RAN1 61bis, the following is agreed:
· For R-PDCCH interleaving with CRS, the following are both supported by the specifications: 

· Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding

· A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL)

· Exact set is FFS

· Each RN searches only one set of assigned PRBs for R-PDCCHs

· No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)

· (same as DMRS “mode 2”)

· Optionality from implementation perspective will be discussed separately.

In RAN1 62bis, the REG definition is discussed and gets some agreement. While there are still some remaining issues need discussion, such as the interleaving depth, the REG-level interleaving mode, etc. In this contribution, we focus on the interleaving depth and interleaving mode. 
2  Discussion

2.1  Interleaving depth

In Rel-8, there are totally 18 interleaving depth. The reason for that is 6 different system bandwidth and 3 kinds of PDCCH modes(1 symbol, 2 symbols and 3 symbols). For R-PDCCH, in time domain, the symbols used for R-PDCCH can be lased from the third symbol(counted from 0) to the last symbol according to the timing and multiplexing scheme. For example, if the second slot is used for (R-)PDSCH transmission, the R-PDCCH can last to the 6th symbol; if the second slot is for the UL grant, and the last symbol isn’t for transmit-receive converse, then the R-PDCCH can last to the last symbol. Consequently, if taking the symbols consumed by the R-PDCCH, the upper limit of 18 may be extended, which is conflict with the previous agreement.
Meanwhile, it has been agreed that the search space for the DL grant and the UL grant is separated. So there is no concern on the formats of the R-PDCCH, in a word, it is unnecessary to consider the symbols the R-PDCCH consumed when design the interleaving depth of the R-PDCCH.
Another factor need consideration about the interleaving depth is the system bandwidth. The number of available downlink RBs can change from 6 to 110. When the system bandwidth is small, the limit is the bandwidth, that is, even there are many RN’s R-PDCCHs need to be interleaved to get the frequency gain, the system bandwidth only allow a small set of R-PDCCHs to be interleaved, so in this case, the bottleneck is the system bandwidth; when the system bandwidth is large enough, the limit is the number of R-PDCCHs need to be interleaved together, for the reason that there is about 30 to 40 RNs in a donor cell, in this case, if all of the system bandwidth is consumed by the interleaving process, there will be a lot of resource waste, so only the part allocated to the RNs are used for REG-level interleaving. 
Consider the available system bandwidth, the possible interleaving depth is shown in table 1.

Table 1. Possible interleaving depths for different system bandwidths.
	System BW
	Proposed number of interleaving depths measured in PRBs (i.e. sets)

	1.4 MHz
	2
	4
	6
	
	
	
	
	
	
	

	3 MHz
	2
	4
	6
	8
	12
	
	
	
	
	

	5 MHz
	2
	4
	6
	8
	12
	16
	
	
	
	

	10MHz
	2
	4
	6
	8
	12
	16
	20
	
	
	

	15MHz
	2
	4
	6
	8
	12
	16
	20
	40
	
	

	20MHz
	2
	4
	6
	8
	12
	16
	20
	40
	60
	


The overhead of the indication of the interleaving depth also need consideration, if we allow more kinds of interleaving depth, then there will be a cost of overhead; if we allow a small set of interleaving depths, then the flexibility of the system will be influenced, so there need a balance between the cost and the flexibility. 
Consequently, for the first slot which is reserved by the DL grant, we propose the interleaving depth 4 for the 1.4MHZ system bandwidth, the interleaving depth 8 for the 3MHZ system bandwidth, and interleaving depth 16 for the other system bandwidths; for the second slot which is used for the UL grant, we propose the interleaving depth 4 for the 1.4MHZ system bandwidth, and interleaving depth 8 for the other system bandwidths, as shown in table 2.
	System bandwidth
	Interleaving depth of the 1st slot
	Interleaving depth for the 2nd slot

	1.4MHZ
	4
	4

	3MHZ
	8
	8

	>=5MHZ
	16
	8


The maximum interleaving depth for both the DL grant and the UL grant are both 16 CCEs, for the reason that the total RN number of the donor eNB is 30 to 40, and for the non-interleaving mode, it is agreed that the DeNB can configure different RNs share the same search space, and it is unnecessary to configure all the RNs to share the same search space, so for a balance, we suggest the maximum size of the set sharing the same search space is 16, which implies that for the non-interleaving mode, the maxim number of RNs sharing the same search space is 16, and the maximum interleaving depth for the REG-level interleaving mode is also 16. It is also a kind of consistence of the non-interleaving mode and the interleaving mode.
And the configuration can be semi-statically configured by higher layer signaling. 

Proposal 1: For the first slot, the interleaving depth 4 for the 1.4MHZ system bandwidth, the interleaving depth 8 for the 3MHZ system bandwidth, and interleaving depth 16 for the other system bandwidths; For the second slot, the interleaving depth 4 for the 1.4MHZ system bandwidth, and interleaving depth 8 for the other system bandwidths.
REG-level interleaving method
For mode 2 (also named as PRB-level interleaving), which means that there is none intro-PRB interleaving, but may be inter-PRB interleaving, even if there is no interleaving among different PRBs, the distributed resource allocation can fulfill this work; for the REG-level interleaving, it means that control information belonging to a single RN can lasted for several PRBs, according to the interleaving method, and there is also the distributed resource allocation to make the scattered REGs more distributed.
And to our best knowledge, the distributed resource allocation is according to some principle, so it is determined. If the RBG-level interleaving is also a determinate method, the two functions may weaken each other, so we propose the REG-level interleaving is done in a randomize method. This can solve the problem in most case from the statistics perspective.
Proposal 2: The REG interleaving method is in randomized manner.

3  Conclusion

In this contribution, we analyzed the interleaving depth and the interleaving method for the REG-level interleaving, our proposals are:
Proposal 1: For the first slot, the interleaving depth 4 for the 1.4MHZ system bandwidth, the interleaving depth 8 for the 3MHZ system bandwidth, and interleaving depth 16 for the other system bandwidths; For the second slot, the interleaving depth 4 for the 1.4MHZ system bandwidth, and interleaving depth 8 for the other system bandwidths.

Proposal 2: The REG interleaving method is in randomized manner.
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