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Introduction
At the RAN1#60bis meeting, the following is agreed for R-PDCCH multiplexing [1].
	The following is agreed:
· DL grants are always transmitted in the first slot of a subframe
· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair
· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN
· No REs in such a PRB pair can be used for a different RN
· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs
· Details of transmission of DL grant alone: FFS
· Details of transmission of UL grant alone: FFS

Note that according to TS36.211 one PRB has one layer.

· Decision on DL grant alone case and UL grant alone case to be made at RAN1#61.



In this paper, we examined possible issues regarding the amount of resource elements available for R-PDCCH based on current agreements. 
Considerations on R-PDCCH resource 
Either CRS or DM-RS will be configured for demodulation of R-PDCCH via higher layer signaling. Even though some of DM-RSs can be possibly used for R-PDCCH allocation we assume all CRSs and DM-RSs are not used for R-PDCCH allocation. R-PDCCH region is shown in Figure 1, where CSI-RS is not considered.


[bookmark: _Ref260321185]Figure 1 Agreed R-PDCCH configuration based on DM-RS case (rank 8, normal CP)
According to the current agreements, two separate R-PDCCH regions will be allocated, one in the first slot and another in the second slot. Assuming the starting symbol of R-PDCCH region to be the 3rd symbol (counting from 0th), the number of resource elements and REGs available for R-PDCCH is shown in Table 1. A couple of potential issues are recognized regarding the number of REGs available for R-PDCCH. 
1. Imbalance in the number of resource elements for R-PDCCH in 1st slot and 2nd slot: As shown in Table 1 the numbers of resource for R-PDCCH in the first and second slot are quite imbalanced if entire second slot is used for R-PDCCH allocation. This may cause possibly different size of the R-PDCCH region in the first and the second slot as shown in Fig 2, which requires separate signaling for the size of each R-PDCCH region [3]. In order to minimize such signaling overhead it is better for the size of R-PDCCH region in each slot to be the same or as close as possible. And some resources can be wasted in the second slot as shown in Fig 3 if entire PRB(s) is used for R-PDCCH allocation in the 2nd slot. For more efficient usage of resources R-PDSCH can be allocated at the end of R-PDCCH allocation in the second slot.
2. Shortage in available REGs: It can be seen that it is possible for the number of REGs in a PRB in the first slot to be as small as 8, which is one short of required number of current REGs numbers in a CCE forin Rel-8. Furthermore, there are strong possibilities that the number will be increased to accommodate Rel-10 features. In Rel-10 CA, there will be additional 3-bits for CIF and could be more additional bits. So, R-PDCCH DCI supporting CA could be longer than Table A1. The shortage of REGs may create a serious problem in adopting the legacy PDCCH scheme since the required number of REGs in some of DCI formats is greater than 8. 
[bookmark: _Ref260321455]Table 1 Number of REGs in R-PDCCH region 
	
	1st slot
	2nd slot

	Number of REGs
	8 REGs
	15 REGs


* DM-RS, rank 8, normal CP case



Fig 2. Different Size of R-PDCCH in the 1st and 2nd slot



Fig 3. Possible wastage of REs in single-PRB based allocation 
Pros and Cons of Possible Solutions
Some of possible remedies for the above mentioned problems can be thought of.
Option 1: Maintaining the current agreement and adopt rel-8 PDCCH scheme to R-PDCCH
According to [2], there are some DCI formats that require more than 8REGs (more than 64 bits payload size). This mean we should allocate more than 2 PRBs in PRB-based allocation even if “Un” has a good channel condition. A new DCI format, which requires less than 8 REG, should be implemented or modulation level should be elevated to accommodate lengthy DCI format. DCI payload size reduction is also feasible solution. 
Pros: High efficiency in resource utilization since R-PDSCH can be allocated 
Cons: High Specification impact 
Option 2: Modifying the R-PDCCH region size
The problems addressed in section 2 can be resolved if we don’t restrict the first R-PDCCH region within the first slot. For example, this ratio can be modified to 10: 13 or more balanced fashion such as 12:11 to accommodate all the necessary DCI formats without any modification in modulation scheme or DCI format size. 
The first option in Table 2 provides more balanced configuration if CSI-RS is configured in the sub-frame. The amount of total REGs in PRB-pair is 21 and the ratio is 10 to 11 when CSI-RS is configured. 

Pros: No impact on specification
Cons: Some wastage of resource can be incurred since no R-PDSCH is allocated in the second slot 
[bookmark: _Ref260666070]Table 2 Number of REs available under modified R-PDCCH control region scheme
	
	1st R-PDCCH region
	2nd R-PDCCH region

	5 OFDM symbols in 1st region and 6 OFDM symbols in 2nd region
	10 REGs
	13 REGs

	6 OFDM symbols in 1st region and 5 OFDM symbols in 2nd region 
	12 REGs
	11 REGs


Conclusion
In this contribution, we have examined issues regarding the number of REGs in R-PDCCH region based on agreement in RAN1#60bis and suggested a modified option for possible solution. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Option 1: Maintaining the current agreement and adopt rel-8 PDCCH scheme to R-PDCCH
Option 2: Modifying the R-PDCCH region size
Option 2 is recommended. 
References
[1] [bookmark: _Ref260378058]RAN1 Chairman’s Notes for RAN1 #60bis.
[2] [bookmark: _Ref260389452]3GPP, R1-094644, Nokia/NSN,  “Considerations on alternative ways of implementing DCI formats for LTE-Advanced”
[3]  3GPP, R1-103145, LG-Nortel, “R-PDCCH multiplexing for LTE-A Relay Node”

Annex
[bookmark: _Ref238198386]Table A1. Illustration of the DCI format sizes for FDD system bandwidth configurations.[2]
	Bandwidth
	6
	15
	25
	50
	75
	100

	Format 0
	37
	38
	41
	43
	43
	44

	Format 1A
	37
	38
	41
	43
	43
	44

	Format 3/3A
	37
	38
	41
	43
	43
	44

	Format 1C
	24
	26
	28
	29
	30
	31

	Format 1
	35
	39
	43
	47
	49
	55

	Format 1B (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 1D (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 2 (2 tx ant)
	47
	50
	55
	59
	61
	67

	Format 2A (2 tx ant)
	44
	47
	52
	57
	58
	64

	Format 1B (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 1D (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 2 (4 tx ant)
	50
	53
	58
	62
	64
	70

	Format 2A (4 tx ant)
	46
	49
	54
	58
	61
	66
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