
3GPP TSG RAN WG1 #68
        

              R1-120186
Dresden, Germany, February 6 – 10, 2012
Agenda item:
7.6.1
Source: 
Samsung 

Title: 



    DMRS based E-PDCCH Transmission Schemes
Document for:
Discussion and Decision
1 Introduction

In RAN1 #67, the following agreements were achieved for E-PDCCH design:
· Both localised and distributed transmission of the enhanced control channel are supported
· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel
· Antenna ports 7-10 is/are used
· The scrambling sequence used is FFS
Since E-PDCCH should be supported for normal and MBSFN subframes, candidate transmission schemes for E-CCH should support DMRS-based transmission. 
For localized mode, at least rank-1 DMRS based transmission scheme will be supported for E-PDCCH transmission. For distributed mode, there are a few candidate diversity transmission schemes based on DMRS. The present contribution compares these potential candidate transmission schemes for distributed modes of E- PDCCH s in terms of link-level performance. Based on the link-level results, further analysis on E-PDCCH resource consumption is performed to compare the average number of E-PDCCHs a set of RBs can support assuming a particular DCI format.

2 E-PDCCH and Simulation Configurations
The present simulations consider a 50-RB (10MHz) system where distributed 4 RBs in the frequency domain are configured as VRBs for E-PDCCH. Performances of 2- and 8-RB configurations are also presented for comparison purposes. 
For the distributed/interleaved mode, the following three schemes are considered:

· DMRS based SFBC/FSTD
· The DMRS-estimation is per RB based, the precoding for transmit diversity is mapped to port {7,8} and {7,8,9,10} for 2Tx and 4Tx case. The E-PDCCH generation follows the same PDSCH rule by redefining  
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for four-port TxD in 6.3.4.3 of [1].
· Resource allocation follows the same legacy PDSCH mapping for transmit diversity. According to PDSCH mapping rule as defined in 6.3.5 of [1], if there is an odd number of resource elements for the OFDM symbols in each RB assigned for transmission, the OFDM symbols will not be used for transmit diversity transmission.
· DMRS based per-RB precoder cycling
· One precoder is defined for each E-PDCCH RB. For example, RB #0 uses w0, and RB #1 uses w1, etc. Only one DMRS port (port 7) is necessary for each RB regardless of actual transmit antennas. And all the E-PDCCHs in the RB share the same DMRS port 7. The precoder applied for each RB is transparent to UE. The transmission power of port 7 DMRS is 3dB higher compared to the case when both port 7 and port 8 are turned on.
· DMRS based per-RE precoder cycling
· One precoder is defined for each E-PDCCH RE. For example, w0 is applied to E-PDCCH symbol #0, and w1 is applied to E-PDCCH symbol #1, etc. DMRS port {7,8} and {7,8,9,10} are used for 2Tx and 4Tx case, with each port bonded to one precoder. The precoder is transparent to UE; in the example, the UE will use port 7 for demodulation of symbol #0 and use port 8 for demodulation of symbol #1, etc.

For all the three schemes described above, each E-CCE contains 36 REs as in a legacy PDCCH CCE. The resources for an E-CCE are interleaved before mapping to the physical resource elements, so that the E-CCE is distributed in all the VRBs configured for E-CCH.
3 Link Level Performances of E-PDCCH
Fig. 1 shows the BLER performance of E-PDCCH in ETU channel where 4 distributed RBs are allocated for E-CCH transmission. For aggregation level 1, the TxD scheme outperforms the two precoder cycling schemes by around 2dB at BLER of 10-2. For SFBC scheme, the diversity is achieved between two adjacent transmitted symbols, while the diversity for precoder cycling is achieved by applying different precoders to the coded symbols. When the aggregation level is low, the coding rate of E-PDCCH is not low enough to exploit the full diversity gain from precoder cycling. As the aggregation level increases, the performance gap between TxD and precoder cycling becomes smaller. For aggregation level 8, it can be observed that TxD and per-RE precoder cycling have almost the same performance. For per-RB based precoder cycling, as described in the previous section, the precoder only changes from RB to RB, which makes the diversity order slightly worse than that of the per-RE based precoder cycling. However, the per-RB precoder cycling enjoys the benefit of better channel estimation performance from higher DMRS power per port since only port 7 is turned on. 
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Fig. 1 Distributed-mode E-PDCCH performance under ETU channel with 4 RBs for E-PDCCH transmission.
Fig. 2 illustrates the side-by-side comparison for the impact of VRB configuration to precoder cycling schemes. Three E-CCH VRB configurations are considered: 8 distributed RBs in the system bandwidth, 4 distributed RBs in the system bandwidth, 2 distributed RBs with 1 RB at each end of the system bandwidth. As the number of RBs increases, more diversity gain in the frequency domain can be exploited. It can be observed from Fig. 2 that the effect of higher more frequency diversity gain affects the performance differently for the evaluated precoder cycling schemes. The improvement on the performance of the per-RB precoder cycling is larger compared to that of the per-RE precoder cycling as the number of allocated RBs increases.
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Fig. 2: Distributed-mode E-PDCCH of aggregation level 4 with different VRB configurations.
The distributed mode should be supported not only for frequency-selective channel conditions (ex. ETU), but also for other less frequency-selective conditions where reliable feedback is unavailable. Therefore, it is also of interest to investigate the performances in a correlated and less frequency-selective channel. Fig. 3 shows the performances of different E-PDCCH transmission schemes in SCM channel with ULA 0.5λ configuration. The overall trend of the results in Fig. 3 is quite similar to that of Fig. 1. There is significant performance gap between TxD and the precoder cycling schemes for aggregation level 1 but the performances of the three transmission schemes converge at the higher aggregation levels.
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Fig. 3: Distributed-mode E-PDCCH performance for the SCM channel. 

4 Capacity Analysis of E-PDCCH 

In the previous section, link level performances were provided for different E-PDCCH transmission schemes under different VRB configurations and channel models. Another aspect that needs to be considered in the design of the E-PDCCH is the amount of resources needed to deliver a DCI format for a given a set of E-PDCCH RBs and consequently how many E-PDCCHs can be supported. In order to evaluate this aspect, link adaptation on E-PDCCH was performed such that the aggregation level is adapted to achieve the target BLER of 10-2. An outer-loop was implemented at the eNB based on the UE’s CQI feedback and whether or not ACK/NACK was received.
With link adaptation turned on, one can get a distribution of aggregation levels for certain geometries. Combining this result with the geometry distribution will give the number of average E-CCEs needed to transmit a particular DCI format. The average E-CCEs consumptions against SNR, and geometry statistics can be found in the Appendix.
Fig. 4 illustrates two typical subframe structures where E-PDCCHs are to be transmitted for a 2Tx-2Rx scenario. Fig. 4 (a) illustrates a normal subframe with CRS while Fig.4 (b) illustrates a MBSFN subframe with only DMRS. Note there are many more configurations in practice due to diverse combinations of non-zero power CSI-RSs and zero power CSI-RSs but we only take these two cases for the simplicity of analysis. It is assumed that the ratio of normal subframes (a) and MBSFN subframes (b) is 40:60.
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Fig.4 Normal and MBSFN subframe structures used in the evaluation.
For precoder cycling schemes, all the available REs inside the RB can be utilized for E-PDCCH transmission. For example, in Fig. 4(a), 120 REs are available for E-PDCCH transmission. Therefore, assuming 4 RBs for the transmission of E-PDCCH, 13 E-CCEs can be constructed out of 480 REs in total for a normal subframe. Similarly, there are 14 E-CCEs for an MBSFN subframe in Fig. 4(b). As a result, the average number of E-CCEs a subframe can support for precoder cycling can be computed as 13.6 (=13(40%+14(60%). 
For TxD, on the other hand, it was assumed that the resource mapping rule follows what is defined for PDSCH TxD transmission in Release 10. According to the mapping rule, OFDM symbol #5, #6, #12 and #13 cannot be used for TxD transmission. Therefore, in a normal subframe, there are 84 REs available for TxD transmission in a RB. Assuming 4 RBs for the transmission of E-PDCCH, 9 E-CCEs can be constructed out of 336 REs in total. Similarly, there will be 10 E-CCEs in the configured 4 RBs for an MBSFN subframe. Note if the CSI-RS are configured on top of the normal or MBSFN subframes in OFDM symbols other than where DMRS are located, there will be even more unutilized resources for TxD transmission.
Based on the average E-CCEs consumptions against SNR, geometry statistics, and available E-CCEs, the average number of E-PDCCHs with 42-bit DCI format 2C that can be supported with 4 RBs is summarized in Table 1.
Table 1: Resource Analysis for ETU channel with 4 distributed VRBs under CoMP scenario 3/4.

	
	Avg. # of E-CCEs needed for an E-PDCCH
	Average # of E-CCEs per subframe
	Avg. # of E-PDCCHs supportable per subframe
	Gain over TxD

	TxD
	2.24
	9.6
	4.29
	0%

	Per-RE Precoder Cycling
	2.39
	13.6
	5.69
	32.6%

	Per-RB Precoder Cycling
	2.42
	13.6
	5.62
	31.0%


It can be observed that the TxD scheme consumes the least resources in terms of required number of E-CCEs for an E-PDCCH transmission compared to both of the precoder cycling schemes However, given the same number of RBs for E-PDCCH transmissions, there are more E-CCEs for precoder cycling schemes than TxD due to the orphan symbol problem as explained previously. As a result, it can be observed that precoder cycling schemes are able to support >30% more E-PDCCHs compared to the TxD scheme. 
The above observations suggest that either of the following should be adopted for the transmission scheme design of E-PDCCH:

· Alternative1: Either per-RB precoder cycling or per-RE precoder cycling is adopted for E-PDCCH diversity transmission mode
· Alternative2: Transmit diversity is adopted with a modified resource mapping rule for SFBC/FSTD.

5 Conclusions

In the present contribution, link level performances for E-PDCCH transmission in distributed mode are presented. We also analyze the E-PDCCH capacities for those candidate transmission schemes for E-PDCCH when link adaptation is turned on. From the observations, we propose that:

Either of the following approaches should be considered for the design of E-PDCCH in distributed mode:

· Alternative1: Either per-RB precoder cycling or per-RE precoder cycling is adopted for E-PDCCH diversity transmission mode
· Alternative2: Transmit diversity is adopted with a modified resource mapping rule for SFBC/FSTD.

Appendix
[image: image7.emf]-4 -2 0 2 4 6 8 10 12

1

2

3

4

5

6

7

8

SNR(dB)

avg.CCE

 

 

DMRSTxD,4RBs

perRBPrecoderCycling,4RBs

perREPrecoderCycling,4RBs


Fig. A.1 Average E-CCE consumption per E-PDCCH for target BLER 10-2.
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Fig. A.2 Geometry Distribution for CoMP scn3/4 with configuration 4b.
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