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1 Introduction

In the last meeting RAN1#62bis, the search space design for non-interleaving R-PDCCH (Mode 2) was agreed as follows: 
Agreement at RAN1#62bis:

· For non-interleaving R-PDCCH 

· One set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis

· The R-PDCCH VRBs are indexed by VRBR-PDCCH(n) for n = 0, 1, …, N-1, where N is the number of R-PDCCH VRBs

· The possible values of N is FFS

· Rel-8 resource allocation types 0, 1 and 2 supported for R-PDCCH VRB set assignment

· DeNB can configure multiple RNs to share the same set of R-PDCCH VRBs

· In each slot within the configured VRB set, M(L) R-PDCCH candidates are defined for aggregation level L, where R-PDCCH candidate m (for m = 0, 1, …, M(L)-1) at aggregation level L comprises L R-PDCCH VRBs with indices of 

· (L * m + i) mod N, where i = 0, 1, …, L - 1

· Possibility of an additional semi-static offset to the starting position is FFS

· Working Assumption that the Rel-8 hashing function is not used

· For RA types 0, 1 and 2, Rel-8 LVRB supported for R-PDCCH VRB to PRB mapping

· For RA type 2, Rel-8 DVRB supported for R-PDCCH VRB to PRB mapping, with slot hopping removed

· For case of RA type 0 with RBG size of 3: FFS whether the number of used PRBs per RBG is 2 or 3

· Baseline for supported R-PDCCH aggregation levels L = {1, 2, 4, 8}

· FFS on number of R-PDCCH candidates M(L)

In addition, WF in [7] has been agreed via e-mail discussion.

As can be seen from the above agreement, there are still some open FFS issues that need to be discussed and finalised at RAN1#63 meeting. Therefore, this contribution discusses these open FFS issues and provides our view and preference.

2 Search space design for the non-interleaved R-PDCCH (Mode 2)
As shown in the above agreement, the few remaining FFS issues are as follows: 
1) The value of N in the agreement which is the number of R-PDCCH VRBs
2) Possibility of an additional semi-static offset to the starting position is FFS
3) FFS on number of R-PDCCH candidates M(L)
4) For case of RA type 0 with RBG size of 3: FFS whether the number of used PRBs per RBG is 2 or 3

For 1), based on the current agreement, the location of R-PDCCH PRBs within the system bandwidth is given by the utilized resource allocation scheme, types 0, 1 or 2. This gives a full flexibility for the eNB scheduler to place the R-PDCCH PRBs any where in the system bandwidth. However, it seems in the current discussions that the number of R-PDCCH PRBs and the number of R-PDCCH candidates for each aggregation level is given by the search space table; see slide 3 of [7]. Therefore, the value of N is the maximum number of PRBs noted down in the column “Size [in PRBs]” of the search space table. 

For 2), the current working assumption is that the Rel-8 hashing function is not applied, because it has been argued that frequency selectivity of the scheduled PRBs for a given RN is not maximized when Rel-8 hashing function is employed in the search space. However, possibility of semi-static offset to the starting position of each RN’s search space has been raised when DeNB configures multiple RNs to share the same set of R-PDCCH VRBs. If the number of semi-statically assigned PRBs for R-PDCCH transmission (i.e. the number of R-PDCCH PRBs which is the value of N) is enough to accommodate multiple RNs in the lower aggregation levels which are the most frequently used, there is no need to specify any semi-static offset to the starting position for each RN’s search space. Alternatively, if one search space can not accommodate a large number of RNs, DeNB can configure multiple independent R-PDCCH search spaces. Therefore, it is our preference that there is no need to specify additional semi-static offset to the starting position of each RN’s search space.

For 3), in [7], it has been agreed that the number of blind decodings (BDs) is based per slot, meaning that the number of BDs per slot for the relay node is compared with the number of BDs for Rel’8/10 UEs. This is directly relates with the number of R-PDCCH candidates M(L). Four options were captured in that agreed WF A-D. Option D has a draw back of DeNB can not schedule at least two RNs where one of the RN with aggregation level 8 and others with lower aggregation levels in the case of multiple RNs sharing the same set of R-PDCCH PRBs. On the other hand, in Options A, B and C, DeNB can schedule at least two RNs where one of the RN with aggregation level 8 and others with lower aggregation levels in the case of multiple RNs sharing the same set of R-PDCCH PRBs. However, it is clear that Option A has more BDs than Options B and C, which needs to be justified, although it is still comparable to Rel’10 UEs. Therefore, our preference is either Option B or C.
For 4), a concern was raised for the case of RA type 0 with RBG size of 3 on which the PRBs in the search space used for aggregation level 2 is divided to two RBGs [8]. So, it is proposed there to keep the number of used PRBs per RBG to 2 and not to use all three PRBs for R-PDCCH transmission. Our understanding is that there are a number of R-PDCCH candidates for aggregation level 2 and DeNB can avoid such kind of assignment by using other available candidates for aggregation level 2 for a given RN. However, some RNs may benefit from such kind of distributed PRBs into two separated RBGs by attaining some frequency diversity gain. Therefore, our preference is not to make such restrictions in the specification.

3 Resource Element (RE) mapping
In DMRS case and CRS without R-PDCCH interleaving, the number of available REs per PRB for R-PDCCH transmission is dependant on several system parameters as follows:
· Subframe type: whether the subframe is normal or MBSFN subframe.

· Number of antenna ports: Number of antenna ports deployed at the donor eNB (i.e. CRS and CSI RS).
· RS type combinations: Whether Rel’8 CRS+CSI RS, or CRS +DMRS+CSI RS or DMRS+CSI RS are present.

· Cyclic prefix type: Whether the subframe is with normal or extended cyclic prefix length.
· DL timing: whether the last OFDM symbol of the subframe is available for R-PDCCH transmission.
In order for the relay node to be able to work out the exact locations of the REs carrying the R-PDCCH transmission, it has to acquire and apply these system parameters, which means that the location and size of the REs are variable. For the RS type combinations, three different configurations are possible for the PRB-pairs carrying the R-PDCCH, these are Rel’8 CRS+CSIRS, CRS+DMRS+CSIRS and DMRS+CSIRS. In order to reduce the number of configurations, it is preferable to only allow two configurations of Rel’8 CRS+CSIRS and DMRS+CSIRS, and disallow CRS+DMRS+CSIRS configuration, meaning that placing DMRS on the PRB-pairs carrying the R-PDCCH in the normal subframes is not permitted. Based on these two configurations, Table 2a through 2d shows that the available REs per PRB in the first slot and the second slot of the subframe for both normal and extended CP lengths. It can be seen from the tables that the number of available REs per PRB in the first slot is less than the Rel’8 control channel element (CCE) size of 36REs in some configurations marked with red colour. This makes the design slightly complicated as it necessitates the adoption of different solutions when the number of available REs per PRB is less than 36REs and when they are greater or equal to 36REs.
Table 2a. Number of available REs per PRB in the first slot with normal cyclic prefix length. 

     (Red colour shows less than 36 REs and black colour shows greater than 36REs).
	CRS+CSI RS configured 
	DMRS+CSI RS  configured 

	2Tx:4x12-4(CRS)-2(CSI RS) = 42REs
	2Tx:4x12-4(CRS)-2(CSI RS)-6(DMRS)+4(CRS) = 40REs 

	4Tx:4x12-4(CRS)-4(CSI RS) = 40 REs 
	4Tx:4x12-4(CRS)- 4(CSI RS)-12(DMRS)+4(CRS) = 32REs

	8Tx:4x12-4(CRS)-8(CSI RS) = 36 REs 
	8Tx:4x12-4(CRS)- 8(CSI RS)-12(DMRS) +4(CRS) = 28REs


 Table 2b. Number of available REs per PRB in the second slot with normal cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx: 7x12-8(CRS)-2(CSI RS) = 74REs
	2Tx:7x12-8(CRS)-2(CSI RS)-6(DMRS)+8(CRS)= 76REs

	4Tx: 7x12-12(CRS)-4(CSI RS) = 68REs
	4Tx:7x12-12(CRS)-4(CSI RS)-12(DMRS)+12(CRS)= 68REs

	8Tx: 7x12-12(CRS)-8(CSI RS) = 64REs
	8Tx:7x12-12(CRS)-8(CSI RS)-12(DMRS)+12(CRS)= 64REs


 Table 2c. Number of available REs per PRB in the first slot with extended cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx:3x12-4(CRS)-2(CSI RS) = 30REs
	2Tx:3x12-4(CRS)-2(CSI RS)-8(DMRS)+4(CRS) = 26REs 

	4Tx:3x12-4(CRS)-4(CSI RS) = 28 REs 
	4Tx:3x12-4(CRS)- 4(CSI RS)-8(DMRS)+4(CRS) = 24REs

	8Tx:3x12-4(CRS)-8(CSI RS) = 24 REs 
	8Tx:3x12-4(CRS)- 8(CSI RS)-8(DMRS)+4(CRS) = 20REs


 Table 2d. Number of available REs per PRB in the second slot with extended cyclic prefix length.
	CRS+CSI RS configured 
	DMRS+CSI RS configured 

	2Tx: 6x12-8(CRS)-2(CSI RS) = 62REs
	2Tx:6x12-8(CRS)-2(CSI RS)-8(DMRS)+8(CRS) = 62 REs 

	4Tx: 6x12-12(CRS)-4(CSI RS) = 56REs
	4Tx:6x12-12(CRS)-4(CSI RS)-8(DMRS)+12(CRS) = 60REs

	8Tx: 6x12-12(CRS)-8(CSI RS) = 52REs
	8Tx:6x12-12(CRS)-8(CSI RS)-8(DMRS)+12(CRS) = 56REs


Therefore, we have the following proposal:

· For the RS type combinations for R-PDCCH, CRS+DMRS+CSIRS configuration must be disallowed on the PRB-pairs carrying the non-interleaved R-PDCCH transmission.

· Either apply CRS+CSIRS or DMRS+CSIRS configuration for the PRB-pair carrying R-PDCCH transmission.
In the first slot of “CRS+CSI RS configured” of normal CP length shown on the left of Table 2a, it will be possible to assume always 8CSI RS ports so that the number of available REs in one PRB is at least 36REs. Therefore, by discarding any extra REs (i.e. more than 36REs), Rel’8 CCE size of 36REs and REG mapping can be exactly applied as proposed in [6]. 
In the second slot of “CRS+CSI RS configured” of normal CP length shown on the left of Table 2b, by assuming also 8CSI RS ports, there are 64REs available for UL grant transmission.

In the first slot of “DMRS+CSI RS configured” of normal CP length shown on the right of Table 2a, by assuming 12 DMRS pattern and no CSI RS is placed on the first slot (i.e. by mandating CSI RS should be placed on the second slot in case of “DMRS+CSI RS configured”), the number of available REs is 36REs (28REs+8CSI RS). Hence, Rel’8 CCE size of 36REs and REG mapping can be exactly applied.
In the second slot of “DMRS+CSI RS configured” of normal CP length shown on the right of Table 2b, by assuming also 8CSI RS ports, there are 64REs available for UL grant transmission. 
Therefore from the above discussion, we have the following proposals for the R-PDCCH with “CRS+CSI RS configured” or “DMRS+CSI RS configured” of the normal CP length subframe:

· 8CSI RS ports are always assumed for both “CRS+CSI RS” and “DMRS+CSI RS” configurations.

· Rel’8 CCE size of 36 REs is applied in the first slot for R-PDCCH mapping in both “CRS+CSI RS” and “DMRS+CSI RS” configurations.
· In “DMRS+CSI RS configured”, no CSI RS is placed on the first slot of the subframe. 
· In the second slot for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size of UL grant must be rate-matched into 64 REs (i.e. discarding any REs more than 64REs).
For the extended CP length in Release 10, we can also always assume 8CSI RS ports. Therefore, by the same calculations as normal CP length above, we will end-up 24REs in the first slot and 52REs in the second slot for “CRS+CSI RS” configuration, and 24REs (20REs+4from CSI RS by mandating CSI RS should be placed on the second slot in case of “DMRS+CSI RS configured”) in the first slot and 52REs in the second slot for “DMRS+CSI RS” configuration. 
Therefore, in the first slot for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size must be rate-matched into 2PRBs corresponding to aggregation level 2. In addition, for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size of UL grant must be rate-matched into 52REs.

Therefore, we have the following proposals for the R-PDCCH with “CRS+CSI RS configured” or “DMRS+CSI RS configured” of the extended CP length subframe:

· 8CSI RS ports are always assumed for both “CRS+CSI RS” and “DMRS+CSI RS” configurations.

· In the first slot, Rel-8 CCE size must be rate-matched into 2PRBs (24REs+24REs=48REs) corresponding aggregation level 2.

· In “DMRS+CSI RS configured”, no CSI RS is placed on the first slot of the subframe. 
· In the second slot for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size of UL grant must be rate-matched into 52REs.
4 Conclusion
In this contribution, we have discussed the remaining issues of non-interleaved R-PDCCH with DMRS and CRS, such as search space design, number of blind decodings and RE mapping. We have the following proposals: 

Proposal 1: In the search space design, there is no need to specify additional semi-static offset to the starting position of each RN’s search space.

Proposal 2: For the number of R-PDCCH candidates M(L), from the four options discussed on the e-mail reflector and captured in the WF, our preference is either Option B or C.
Proposal 3: For case of RA type 0 with RBG size of 3 on whether the number of used PRBs per RBG is 2 or 3, our preference is not to make any restrictions in the specification, i.e. keep the number of used PRBs per RBG to 3.

Proposal 4: In order the relay node to be able to work out the amount of available REs and their exact locations in each PRB for the non-interleaved R-PDCCH transmission, Relay node has to apply the following system parameters: subframe type, number of antenna ports, RS type combinations, cyclic prefix type and DL subframe timing.

Proposal 5: For the RS type combinations for R-PDCCH transmission, CRS+DMRS+CSIRS configuration must be disallowed on the PRB-pairs carrying the non-interleaved R-PDCCH transmission.

· Either apply CRS+CSIRS or DMRS+CSIRS configuration for the PRB-pair carrying R-PDCCH transmission.
Proposal 6: For the R-PDCCH with “CRS+CSI RS configured” or “DMRS+CSI RS configured” of the normal CP length subframe:

· 8CSI RS ports are always assumed for both “CRS+CSI RS” and “DMRS+CSI RS” configurations.

· Rel’8 CCE size of 36 REs is applied in the first slot for R-PDCCH mapping in both “CRS+CSI RS” and “DMRS+CSI RS” configurations.

· In “DMRS+CSI RS configured”, no CSI RS is placed on the first slot of the subframe. 
· In the second slot for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size of UL grant must be rate-matched into 64 REs.

Proposal 7: For the R-PDCCH with “CRS+CSI RS configured” or “DMRS+CSI RS configured” of the extended CP length subframe:

· 8CSI RS ports are always assumed for both “CRS+CSI RS” and “DMRS+CSI RS” configurations.

· In the first slot, Rel-8 CCE size must be rate-matched into 2PRBs (24REs+24REs=48REs) corresponding aggregation level 2.

· In “DMRS+CSI RS configured”, no CSI RS is placed on the first slot of the subframe. 
· In the second slot for both “CRS+CSI RS” and “DMRS+CSI RS” configurations, Rel-8 CCE size of UL grant must be rate-matched into 52REs.
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