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1 Introduction

At meeting RAN1#60bis, the following was agreed for the R-PDCCH [1]:
· 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
As this agreement explicitly states, CRS based demodulation can be used for the R-PDCCH. When using CRS, to further improve performance, it makes sense to use interleaving in order to pick up some diversity. However, the frequency domain location of the R-PDCCH has not been discussed yet. In this contribution, reusing Rel-8 DVRB is shown to provide additional frequency diversity gain, as is mentioned in [2].
Another issue with the R-PDCCH is that the R-PDCCH may occupy more than one RB, with some REs filled, some REs unfilled as there are some unused resources in the two RBs. In this case, the unused resources are wasted. We propose to use rate matching to make sure that no RB is partially filled. Link simulation results are provided to show that the degradation in performance when rate matching down is not very significant and is acceptable since the Un link quality is good.
2 DVRB for R-PDCCH
Interleaving has been shown to pick up frequency diversity gains for CRS-based R-PDCCH [4][5]. However, the frequency domain location of the R-PDCCH has not been discussed. For Rel-8 LTE, distributed resource allocation is achieved using DVRB. It is natural to consider the same scheme for R-PDCCH allocation since it is compatible with macro UE scheduling and will get some frequency diversity gain. For single VRB-pair total allocation (i.e., one PRB in frequency by one slot in time for each of the DL and the UL grants) the DVRB mapping works but does not provide any diversity gain, as the PRB for the DL grant remains by itself within the first slot (similar for the PRB for the UL grant on the second slot). To achieve interleaving within the first slot for the DL grant and within the second slot for the UL grant via DVRB, more than a single VRB-pair for the total allocation is needed. A simple example is shown in Fig 1 for 1 VRB pair (i.e. DL0 UL0) and Fig 2 for 2 VRB pairs (i.e. DL0 UL0 DL1 UL1, using the DVRB mapping rule defined in section 6.2.3.2 of [6]. For this example, the system BW is 50 RB and the first gap value are used. 
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Fig. 1 One VRB pair (DL0 UL0)
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Fig. 2 Two VRB pair (DL0 UL0 DL1 UL1)
In this section, we study the performance of Rel-8 DVRB-based and localized R-PDCCH resource allocations in the 1st slot with 2 and 10 RBs.  For example, PRB0 and PRB12 will be used for DVRB while PRB0 and PRB1 will be used for localized allocation for the 2RBs case. 
It can be seen from the Fig. 3 that DVRB-based allocation outperforms localized allocation by about 1.0 dB and 0.3dB gain at 1% BLER for 2 and 10 RBs, respectively.
Based on the above observations, DVRB should be used on the R-PDCCH to pick up frequency diversity gain.
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Fig. 3 Demodulation performance comparisons of between DVRB-based and localized R-PDCCH
3 Rate Matching for R-PDCCH Demodulation
In the previous section, the interest of using DVRB transmission for R-PDCCH transmission was studied. In this section, we continue to analyze the design choices for R-PDCCH. In particular we look at the packing efficiency of the R-PDCCH. Here, as an example, we use the resource allocation scheme for the R-PDCCH. However, keep in mind that our goal here is to illustrate that rate matching can be very effective to improve packing efficiency, and that we are not necessarily advocating reusing the Rel-8 scheme. 
3.1 Resource Wastage for R-PDCCH
It has been agreed that DL and UL grant can be separately located in 1st and 2nd slot for R-PDCCH allocation. The resource granularity for R-PDCCH is one RB, which sometimes results in inefficiencies since one RB may only be barely occupied. This resource waste may be significant, especially for small bandwidth case.
Without loss of generality, we consider UL grant allocation in the second slot to illustrate the problem). For simplicity, the following assumptions are made:

·  Only 1 CCE allocated to each UL grant
·  There are 76 REs=19 REGs in one RB for 2Tx transmission scenario 
For example, assume three UL grants are needed in the 2nd slot. Thus three CCEs are needed (27 REGs).
 Since one RB spans 19 REGs, two RBs (38 REGs) are needed (The required number of RBs is the ceiling of number CCEs*9/19, when CCE number is one, 2 RBs can be used to achieve the diversity). 11 REGs out of the 38 available are not used, so 11/38=28% of the allocated resources are wasted. The resource wastage cases are listed in Table 2 of the Appendix. A potential solution to improve the packing efficiency is to use a rate matching scheme [3] to ensure that all the resources of a RB are used. This results in a higher coding rate or lower coding rate. In the following section, the impact of rate matching with a higher coding rate over the required SNR is quantified. 
3.2 Rate Matching Impact on Performance
In this section, we study the loss from rate matching when puncturing down to fully occupy RBs. The rate matching is achieved by puncturing the coded R-PDCCH while using the Rel-8 CCE and REG interleaving. R-PDCCH performance loss with different puncturing amounts. For example, no RB punctured (4, 6, or 8 RBs) is compared to one RB punctured (3, 5, or 7 RBs), where all the RBs are in the 2nd slot.for the UL grant(s). 
During our simulations on puncturing, for simplicity, we examine the difference from a no RB puncturing and then puncturing to occupy one fewer RB. 
The rough R-PDCCH link performances degradation for UL grants(s) is shown for various puncturing amounts in Fig. 4. It can be seen from the Fig. 4 that R-PDCCH performances with puncturing amount of 1/6 (i.e., 6RB with 1RB puncture for 5 RB transmitted) and 1/8 (i.e., 8RB with 1 RB puncture for 7 RB transmitted) will degrade the link performance by about 2dB and 1.2 dB at 1% BLER, respectively. Considering such performance loss and the resource wasting in appendix table 2 which is from 5% up to  50%, rate matching appears to be a useful scheme for eliminating the R-PDCCH resource wastage if the performance loss can be acceptable. Rate matching up is also of course possible.
Since the Un link quality is generally good, this loss should be acceptable for most of the cases, especially if the PDCCH modulation/coding scheme, designed for UEs, which can suffer from bad radio conditions, is used. A RN is typically in much better locations, so a 1~2 dB loss should be acceptable most of the time. This illustrates that rate matching can be a useful mechanism to eliminate resource wastage. Note also that for some configurations in Table 2, the puncturing amount is sometimes really small, especially when the UL grants occupy a relatively large portion of the frame (e.g., for 11 CCEs, the puncturing amount is 4%). The degradation for these cases is really small. 
Based on the above observations, rate matching should be applied on the R-PDCCH to avoid the possible resource wastage.
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Fig. 4 Performance for R-PDCCH with rate matching
4 Conclusions
According to the discussions and simulation results, we propose the following:
· Proposal#1: DVRB transmission can be used for the R-PDCCH.
· Proposal#2: Rate matching is applied on the R-PDCCH in order to make sure that the R-PDCCH fully occupies all the allocated RBs.

· The rate matching can include puncturing down or repeating up to fully occupy the allocated RBs (Exact rate matching scheme FFS)

Note that while used as an example, Proposal 2 is not conditioned on reusing and part of the rel-8 PDDCH CCE/REG definitions, but is in fact a general design rule. 
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Appendix A．Simulation assumptions for R-PDCCH 
Table 1 Simulation assumptions for R-PDCCH with full and partial Rel-8 CRS and Rel-10 DMRS
	Parameter
	Assumption

	Number of eNB antennas
	2 uncorrelated

	Number of RN antennas
	2 uncorrelated

	System bandwidth
	10 MHz (available RB num = 50)

	Frame structure 
	LTE Rel-8 FDD, Normal CP

	Transmission Mode
	LTE transmit diversity (SFBC)

	Modulation scheme

	QPSK

	Channel coding and rate

matching
	Same as Rel-8 PDCCH

	RN deployment
	Fixed

	Channel model
	3km/h, NLOS scenarios, detailed parameters are listed in R1-100559.

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Rel-8 CRS: joint (2 RB)

	Rate matching scheme
	Last PRB/VRB puncture for R-PDCCH

	R-PDCCH CCE aggregation level
	1 CCE with REG-based interleaving

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	#3,#4,#5,#6 OFDM symbol in the first slot

	R-PDCCH RBs
	Random localized : 2 or 10 RBs 
Distributed: Rel-8 DVRB-based 2 and 10 RBs in 1st slot

	R-DCI payload

	40 bits (including 16 bits CRC) 

	Channel estimation
	2D MMSE


Table 2 Resource waste for R-PDCCH
	R-PDCCH
	Required CCEs
	Required RBs
	Amount unused
	Amount punctured

	2nd slot
	1 (=9REG)
	1 (=19REG)
	53% (10/19)
	N/A

	
	2 (=18REG)
	1 (=19REG)
	5% (1/19)
	N/A

	
	3 (=27REG)
	2 (=38REG)
	28% (11/38)
	22% (8/27)

	
	4 (=36REG)
	2 (=38REG)
	5% (2/38)
	47%(17/36)

	
	5 (=45REG)
	3 (=57REG)
	21% (12/57)
	16% (7/45)

	
	6 (=54REG)
	3 (=57REG)
	5% (3/57)
	30% (16/54)

	
	7 (=63REG)
	4 (=76REG)
	17% (13/76)
	10% (6/63)

	
	...
	...
	...
	

	
	11 (=99REG)
	6 (=114REG)
	13% (15/114)
	4% (4/99)

	
	...
	...
	...
	

	
	15 (=135REG)
	8 (=152REG)
	11% (17/152)
	1% (2/135)
































� Our assumption is that the UL grants are multiplexed together. If it is not the case, then there is even more resource loss since each grant must occupy at least one PRB.
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