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1 Introduction

This contribution discusses R-PDCCH interleaving and mapping in pre-configured PRBs in Un link subframes. In the last RAN1#61bis meeting, the followings were agreed for interleaving of R-PDCCH when CRS is used for demodulation [1]. 

Agreement:

· 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.

Together with interleaving for CRS case and previous agreements for no interleaving with DRS case, there are multiple configurations for R-PDCCH transmission in the system point of view. To finalize overall R-PDCCH structure, it needs to be decided about how to configure interleaving and how to map actual R-PDCCH REGs and REs in pre-configured PRBs. This contribution presents our view on the issues of R-PDCCH transmission modes, REG and RE mapping, and size of CCE and REG for CRS and DRS cases.

2 R-PDCCH transmission modes and interleaving
2.1 Transmission modes
According to the past agreements on interleaving in cases that CRS or DRS is used for demodulation, multiple modes are supported for R-PDCCH transmission as shown in Table 1. Depending on the transmission mode, demodulation RS type, PRB-level interleaving and REG-level interleaving can be applied differently. In Mode CRS-REG in Table 1, REG-level interleaving is applied with using CRS for demodulation and there is no need to have PRB-level interleaving. In this mode, R-PDCCH REGs for different RNs can be multiplexed in same PRBs. On the other hand, in Mode CRS-PRB, REG-level interleaving is not applied and application of PRB-level interleaving can be considered. There are mainly two approaches to apply the PRB-level interleaving. One is to employ an interleaver for the mapping from logical CCEs to PRBs, to improve frequency and interference diversity. The other approach is to not employ any interleaver for the CCE-to-PRB mapping and to pre-configure scattered or localized PRBs for R-PDCCH transmission for a RN. The support of localized or distributed transmission can be controlled by the donor eNB by using contiguous and scattered PRBs for R-PDCCH transmission in respective Un subframes. We prefer the latter approach for simpler design and less specification impact. In Mode DM RS, there is no interleaving of either PRB-level or REG-level with using DM RS for demodulation. The R-PDCCH transmission mode can be configured via RRC-Signaling in the initial set-up or reconfiguration of the RN with pre-configured PRB set for each RN. 
Table 1: R-PDCCH transmission mode

	Mode
	Demodulation RS
	PRB-level interleaving
	REG-level interleaving

	CRS-REG
	CRS
	N.A.
	Yes

	CRS-PRB
	CRS
	Off (FFS)
	No

	DM RS
	DM RS
	Off
	No


2.2 R-PDCCH interleaving and mapping 
R-PDCCH mapping structure is closely related with R-PDCCH interleaving and RS for demodulation. In the last RAN1#61b meeting, it was agreed for CRS-REG mode to reuse Rel-8 REG-level interleaving employed for PDCCH in LTE as much as possible. For PDCCH, the transmission region consists of the whole PRBs within the DL transmission band and the REG mapping is done in time-first order to provide more robust frequency diversity gain by distributing REGs over PDCCH region more evenly than frequency-first mapping. On the other hand, for R-PDCCH, pre-configured PRBs for virtual bandwidth for R-PDCCH transmission can be discontinuous and scattered across the DL transmission band. Then, we can consider a few alternatives to map R-PDCCH REGs in pre-configured PRBs. As the total amount of available REs in a PRB pair are the same in CRS-REG and CRS-PRB modes, it seems desirable to have the same resource mapping structure to have a simpler mapping and reduce specification efforts, regardless of the presence of REG-level interleaving. Three alternatives are presented below for resource mapping for R-PDCCH transmission. in CRS-REG and CRS-PRB modes.
· Alternative 1: Frequency-first mapping across PRBs used for P-PDCCH transmission
· Mapping starts in the 1st R-PDCCH symbol with increasing order of frequency and then continues in the next symbol after using up the REs in the 1st symbol
· The frequency-first mapping can negate the effect of REG level interleaving, resulting that more REGs for a CCE exist in the same PRB compared to Alternatives 2 and 3
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Figure 1.  Alternative 1 – Frequency-first mapping across all configured PRBs
· Alternative 2: PRB-first mapping with time-first mapping within a PRB

· Time-first mapping within a PRB and continuation of the mapping in the next higher frequency PRB when no RE is left in the current PRB 
· Most similar to the time-first mapping of Rel-8 PDCCH REGs
· Higher diversity gain can be achieved than Alternative 1 in CRS-REG mode
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Figure 2. Alternative 2 – PRB-first mapping with time-first mapping within a PRB
· Alternative 3: PRB-first mapping with frequency-first mapping within a PRB

· Frequency-first mapping within a PRB and continuation of the mapping in the next higher frequency PRB when no RE is left in the current PRB
· Similar diversity gain as Alternative 2
· More natural structure when REG is not defined as in the cases of CRS-PRB and DM RS modes
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Figure 3. Alternative 3 – PRB-first mapping with frequency-first mapping within a PRB

For a given PRB set for R-PDCCH transmission, Alternatives 2 and 3 are preferred. Both approaches can provide higher diversity gain than Alternative 1 when REG interleaving is taken into account, as in the case of PDCCH REG mapping. When mapping REGs in pre-configured PRBs, it is desirable that an REG is not divided into different PRBs, and REGs are indexed such that all REs in a PRB are used first to define consecutive indexes of REGs and then the REG indexing continues in another PRB. 
In DM RS mode, it is not allowed that REs of different R-PDCCHs are multiplexed within a PRB. Thus, REG-level interleaving and mapping are not so required and CCE-level RE mapping will be sufficient. It is noted that PRB-first RE mapping like Alternatives 2 and 3 is preferred for DM RS mode R-PDCCH as well, considering that CCE mapping is done per-PRB. Although the total amount of available REs in a PRB are different in CRS-PRB and DM RS modes, it seems desirable to have the same RE mapping structure to have same multiplexing structure with DM-RS mode and reduce specification efforts.
2.3 Size of CCE and REG
As discussed in the previous section, it is preferred to reuse Rel-8 REG and CCE structure/size for R-PDCCH in CRS-REG mode. For both normal CP and extended CP cases, multiple of 4 REs, which is Rel-8 REG size, are available in a PRB in each slot, even when a few last symbols are punctured in DL timing Case 3. Even though UL grant region (2nd slot) has more REs than DL grant region (1st slot), there is no need to have different REG and CCE size between DL grant and UL grant. Since, total amount of available symbols for 2nd slot can be varied by cell size or DL timing alignment. In case of CRS-PRB and DMRS for demodulation, the total available REs in a PRB will be different in normal CP/extended CP case and 1st/2nd slot. In addition, in case of DMRS for demodulation, both normal subframe and MBSFN subframe can use for backhaul transmission and each subframe type have different available REs. To utilize R-PDCCH resource in various cases and have unused resource as unit of PRB after R-PDCCH mapping, it is preferred to define the total available REs in a PRB as a CCE size, without defining a REG for both cases. Table 2 summarized the size of CCE and REG for CRS-REG, CRS-PRB and DMRS case.
Table 2: Size of CCE and REG

	Mode
	Size of CCE
	Size of REG

	CRS-REG
	Same as Rel.8, Fixed
	Same as Rel.8

	CRS-PRB
	Total available REs in a PRB, Variable
	N.A.

	DMRS
	Total available REs in a PRB, Variable
	N.A.


3 Conclusion
In this contribution, we discussed R-PDCCH REG/CCE interleaving and mapping for the respective transmission modes depending on demodulation RS types. Based on the discussions, we propose:

· Mapping for CRS-REG mode

· PRB-first mapping with frequency-first mapping within a PRB (Alternative 3)

· An REG is not scattered into different PRBs
· Same REG/CCE size as LTE Rel-8/9

· Mapping for CRS-PRB and DM RS modes

· PRB-first mapping with frequency-first mapping within a PRB (Alternative 3)

· REG is not defined and only CCE is used

· CCE size is the same as the total available REs in a PRB

· Variable depending on CP length, subframe type, RS type, etc.
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