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1 Introduction
According to the Relay work plan [1], this paper outlines the performance requirements and simulation assumptions for R-PDCCH demodulation. Further extensions are not precluded in the later phases depending on standard progress. 
2 Performance Requirements

On the Un link, the RN mostly behaves like a UE, while on the Uu link, the RN can be regarded as an eNB. Consequently, the general methodologies on receiver demodulation performance used in LTE Rel-8 can be reused for relays.

For R-PDCCH, DL grants and UL grants may suffer different performance due to the different number of available OFDM symbols in slot#0 and slot#1 respectively, and the performance of DL grants is the limiting one, given that the first slot has less OFDM symbols. 
There is no PHICH for relay and Un UL HARQ retransmission is triggered by the toggle of NDI bit in UL grant. This is the same as non-adaptive mode in Rel-8. So, there is no motivation to change and re-test the performance of UL grants. 

Proposal 1: The receiver characteristics of the R-PDCCH are determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg).
There are at least two receive antennas for backhaul at RN. So, it’s reasonable to consider up to 4 receive antennas at RN. 

Proposal 2: The performance requirements will assume both 2 receiving antennas and 4 receiving antennas at the Relay node. 

There are two formats defined for R-PDCCH, i.e. with and without cross-interleaving. For R-PDCCH without cross-interleaving format, the scheme is new and shall be covered by performance test. For R-PDCCH with cross-interleaving format, only a set of RBs is semi-statically configured in frequency domain for potential R-PDCCH transmission, which leads to less frequency diversity compared to PDCCH. 
Proposal 3: Both with and without cross-interleaving formats of R-PDCCH shall be tested. 
3 Simulation Assumptions 
For R-PDCCH simulation, it’s beneficial to reuse FRC test in Rel-8 as much as possible and keep consistency between FDD and TDD. 
3.1.1 Common simulation assumption

It’s useful to reuse the test parameters of PDCCH/PCFICH testing as R-PDCCH simulation assumption on both eNB and RN side, such as Number of PDCCH symbols, Number of PHICH groups (Ng), PHICH duration, TDD Uplink downlink configuration, TDD Special subframe configuration, etc. 
Some relay specific common simulation assumptions are summarized in the following:  
· Un subframe in DeNB side can be configured into normal subframe or MBSFN subframes. We propose using normal subframe configuration in R-PDCCH testing, for it can cover all necessary test cases, such as R-PDCCH formats with cross-interleaving and without cross-interleaving, CRS and DMRS demodulation, etc. 

· There is no new DCI format in R-PDCCH, so we propose to reuse the DCI formats in PDCCH/PCFICH testing, i.e. format 1&2. 

· It’s reasonable to consider a moderate asymmetry Un subframe configuration, e.g.  SubframeConfigurationFDD=181 and SubframeConfigurationTDD=4. 
· 4 OFDM symbols in slot#0 and 7 OFDM symbols in slot#1 for R-PDCCH, respectively. 
3.1.2 Simulation assumption for R-PDCCH format with cross-interleaving 
For R-PDCCH format with cross-interleaving, the R-PDCCH shall be demodulated based on CRS transmitted on one of antenna ports
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. And the format is designed to take advantage of frequency diversity gain, which is potentially applied in the environment with significant scattering paths.  We propose to use channel models of LOS scenario with medium dominant component and of NLOS scenario for the interleaved R-PDCCH simulation. 
Different from PDCCH, R-PDCCH will not occupy the whole bandwidth, and only a set of RBs will be semi-statically allocated to R-PDCCH. When a few RBs are allocated to R-PDCCH, the potential loss of the frequency diversity gain and band edge impact may be significant and could be tested for different bandwidth.  Considering a reasonable L1/L2 control signaling overhead, i.e., about 10% to 30%, 2RBs covering bandwidth from 1.4MHz (6 RB) to 5MHz (25 RB) can be tested. Moreover, LVRB can be further used to limit the frequency diversity gain. Whether to capture the band edge impacts need further discussion. The proposed simulation assumptions for the worst frequency diversity case are summarized in the following: 
Propagation model: NLOS, and LOS with medium dominant component
Bandwidth: 1.4 MHz, 3MHz and 5MHz
RB allocation: 2 RB (LVRB)
DCI format: Format 1/2
Aggregation level: 2 CCE
Antenna configuration: 2 x 2, 4 x 4 
Demodulation RS: CRS
When the allocated RB number for R-PDCCH is large enough, there will be little difference between different channel bandwidths from frequency diversity aspect.  Thus we can use 10MHz bandwidth as an example, and the test case shall cover the different RB mapping (LVRB/DVRB), aggregation levels, DCI formats and antenna configurations, etc. The proposed simulation assumptions for the case are summarized in the following:  
Propagation model: NLOS, LOS with medium dominant component
Bandwidth: 10MHz

RB allocation: 10 RB (LVRB/DVRB)  

DCI format: Format 1&2
Aggregation level: 2/4/8 CCE
Antenna configuration: 1x2, 2x2, 4x2 and 4x4
Demodulation RS: CRS
3.1.3 Simulation assumption for R-PDCCH format without cross-interleaving 

For R-PDCCH format without cross-interleaving, the R-PDCCH can be demodulated based on CRS transmitted on one of antenna ports
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, or based on DMRS transmitted on antenna port 7 assuming that
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For DMRS based R-PDCCH, precoding gain is expected at the condition of high or medium antenna correlation scenario. We propose to test LOS scenario and NLOS scenario with medium correlation for DMRS based R-PDCCH. 
For CRS based R-PDCCH format without cross-interleaving, it can take advantage of frequency scheduling gain (LVRB mapping) or frequency diversity gain (DVRB mapping), which is expected at scenarios with strong scattering paths. We propose to test NLOS scenario for CRS based R-PDCCH format without cross-interleaving. 
3.1.3.1 DMRS based R-PDCCH format without cross-interleaving test (Single-Layer Spatial Multiplexing performance):

For the configuration of normal subframe at DeNB, CRS shall be included in Un subframe. We propose to test R-PDCCH in transmission mode of closed loop rank-one with wideband and frequency selective precoding. Whether to capture the RX filter characteristics need further discussion. 
For DMRS based R-PDCCH format without cross-interleaving, we propose using 10MHz bandwidth as an example to cover bandwidth independent features, such as aggregation levels, DCI formats and antenna configurations, etc. The proposed simulation assumptions for the case are summarized below:
Propagation model: LOS with strong/medium dominant component, NLOS with medium correlation
Bandwidth: 10MHz
RB allocation: 2/4/8 RB (LVRB)
DCI format: Format 1/2
Aggregation level: 2/4/8 RB
Precoding granularity: 6PRB/50PRB

Reporting mode: PUSCH 1-2 / PUSCH 3-1
Antenna configuration: 2 x 2, 4 x 4 
Demodulation RS: DMRS
3.1.3.2 CRS based R-PDCCH format without cross-interleaving test (Transmit diversity Performance):

For CRS based R-PDCCH format without cross-interleaving, considering work load, a reduced number of testing is preferred at the first stage. The proposed simulation assumptions for the case are summarized below: 
Propagation model: NLOS with medium/low correlation
Bandwidth: 10MHz
RB allocation: 4/8 RB (LVRB/DVRB)

DCI format: Format 2
Aggregation level: 4/8 RB
Antenna configuration: 2 x 2, 4 x 4 
Demodulation RS: CRS
4 Proposal


It is proposed that the above requirements and simulation assumptions can be adopted when specifying R-PDCCH performance requirements and simulation assumptions.
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