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1 Introduction
At the RAN1 #56bis and #57 meeting, the case of very few UEs served by type 1 relays was discussed [1-4]. Large transmit power difference between eNB and type 1 relay is one of the main reasons. 
To balance the UE number between type 1 relays and their donor eNB, a handoff bias in RSRP was applied to type 1 relays in [3, 4]. And in [1]

 REF _Ref232820677 \n \h 
[2], we evaluated the performance through increasing the handoff bias step by step till the number of UEs served by a type 1 relay exceeded a given minimum value. However, it would introduce serious interference from donor eNB to those UEs served by type 1 relays. In [3], cooperative silencing scheme was proposed to mitigate this type of interference. But, this scheme is valid for PDSCH only and the interference to DL control channels and signals of type 1 relay, including SCH, PBCH, PCFICH, PHICH, PDCCH and CRS, needs further investigations for both TDM silence and FDM silence. 
In this contribution, interference mitigation solutions for DL control channels and signals are shown with the constraints of backward compatibility to legacy R8-UEs and little impact on the coverage of the donor eNB.
This contribution is updated from R1-091806.
2 Interference Mitigation for Control Channels and Signals
When considering the interference mitigation solutions for control channels and signals, we make use of the following two assumptions. Firstly, the number of UE served by donor eNB directly would be reduced if more relays are deployed and/or a handoff bias in RSRP is adopted by type 1 relays. Secondly, the path loss of RN-UE link is very small since those UEs served by relay are located very close to the relay even a handoff bias in RSRP is adopted. 
2.1 PBCH
If no interference management technique applied, the relays’ PBCH would be interfered if both donor eNB and relays transmit their PBCH in all radio frames especially for these UEs at the edge of relay cells. 

In LTE, one PBCH occupies proportions of four consecutive radio frames, and using any one of the four parts PBCH UE could be expected to successfully decode the PBCH information when SINR is high enough. So, one straightforward method is to make donor eNB advocating the first N_B (1, 2 or 3) PBCH parts in four consecutive radio frames, which is/are taken advantage of by relay to transmit its own PBCH. It’s reasonable to expect Relay-UEs could successfully decode the broadcast information of relays’ PBCH after receiving the first N_B parts, and Macro-UEs could successfully decode their own PBCH information using the (4- N_B)  parts. 
One possible result is PBCH performance degradation of Macro-UEs especially for those in the extreme low geometry. Fortunately, it is not a big issue due to the robustness of PBCH. In addition, it is also feasible to decrease parameter N_B and/or boost PBCH transmit power in donor eNB to help improving the performance if necessary. In the extreme circumstance when both methods are not effective enough, the handoff bias in RSRP could also be reduced.

An example is shown in Figure 1. 1.4MHz bandwidth with 2x2 antenna configurations is used and channel model is EPA with 5Hz Doppler frequency shift.  Channel estimation method is 2x1-D Wiener: filtering in the frequency domain is followed by filtering in the time domain, both using 1-D Wiener filters. Received signal power at UE from macro cell is 3dB higher than that of from relay cell. 
Notation in the figure is explained as follows. First R or M denotes relay or donor eNB, the number after R or M denotes the number of parts of PBCH relay or donor eNB transmit. The second R or M  with number represents the PBCH performance of RN-UE or Ma-UE under the corresponding configuration. E.g. R4M4-R4 means the PBCH performance of RN-UE under assumption that relay transmits total four parts of PBCH; meantime donor eNB also transmits four parts of PBCH on the same resource. R4M4-M4 means the PBCH performance of Ma-UE under assumption that relay transmits total four parts of PBCH; meantime donor eNB also transmits four parts of PBCH on the same resource.
R4M0-R4 denotes the case there is no interference from eNB at RN-UE. In R4M4-R4/R4M4-M4, no interference mitigation method is employed, that is, four parts of PBCH are absolutely collided, and Relay-UEs and Macro-UEs combine their 4 parts of soft information, respectively. For R2M2-R2/R2M2-M2 relay transmits its PBCH in the first two radio frames that are vacated by macro-cell, and the other two radio frames is remained for macro cell’s PBCH; Relay-UEs/Macro-UEs combine the corresponding two parts of soft information of their own to decode PBCH. 
As the figure shown, if no proper interference management/mitigation techniques were introduced (R4M4-R4 case), PBCH performance of type 1 Relay-UEs would suffer seriously with an error floor of BLER which is a little higher than 0.01. By using the proposed method (R2M2-R2 case), the PBCH performance of RN-UE would be improved, through it is about 3.5dB worse than the ideal case (R4M0 R4 case) when BLER is 0.01. And meanwhile, for the proposed method, when SNR of Macro-UE (SNRMacro) is larger than -6dB, even in the case SNRMacro= SNR Relay + 3, it could achieve the considerable good performance. 
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Figure 1  PBCH performance 
2.2 PCFICH

When multiple type 1 relays are deployed in the coverage of donor eNB, much more resources can be exploited to achieve the expected cell-splitting gain correspondingly. And meanwhile it is possible to make advantage of some redundant resources to mitigate the interference to data channels by some proper interference management mechanism. That implies some resources can also be used to mitigate the interference to control channels and signals, such as PCFICH, PHICH and PDCCH.
For PCFICH, there is a constraint that the value of PCFICH should not be less than the PHICH duration which is given in PBCH. To reduce the interference from donor eNB to relays, eNB’s PCFICH can be fixed as 3 (2 for TDD subframe 1 & 6 and MBSFN subframes). For the sake of PDCCH and PHICH detection, always high CCE level and high PHICH payload can also be assumed, thus relays’ PCFICH should always been fixed as 3 (2 for TDD subframe 1 & 6 and MBSFN subframes). Both eNB and relays broadcast their PCFICH redundantly in PBCH. So the interference to relays’ PCFICH from donor eNB is not a serious problem.
Since PCFICH is fixed and indicated in PBCH, both donor eNB and relays insert NULL to the resource for PCFICH to reduce the interference, and when UE detects nothing or does not decode any correct value of the CFI set {1,2,3,4}, 3 is deemed to be transmitted by donor eNB or relay cells. 
2.3 PHICH

Up to eight PHICH are multiplexed into one PHICH group using CDM and I/Q multiplexing. And PHICH group are FDM multipplexed. Since relays own much more resources to mitigate the interference, relays could define Ng to be large enough to maximize the PHICH group number and assign PHICH evenly in all groups through cyclic shift for DMRS 
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. In this way, there would be only one PHICH in each PHICH group with high probability. So each PHICH has much higher transmit-power and no inter-CDM interference. Another gain for PHICH comes from the time diversity when PCFICH is fixed as 3. Other ways, like power boosting, may be not necessary.
2.4 PDCCH

Permutation and cell-specific cyclic shifting make each PDCCH distribute almost randomly through all REGs not assigned to PCFICH or PHICH. This way can randomize the interference among neighbouring eNB. To support those UEs at cell edge, the aggregation with 8 CCE can be used to adapt the bad channel conditions. 
Since donor eNB need less resource for its control channels and signals (less UEs are served by donor eNB), and donor eNB has much resource to mitigate the interference to relays’ PDCCH, donor eNB will reserve some PDCCH channels for NULL transmission. After permutation and cell-specific cyclic shifting, only a fraction of REG quadruplets belong to a relay PDCCH is interfered. In this way, the equivalent interference from donor eNB to relays’ PDCCH is reduced correspondingly. The more reserved PDCCH channels for NULL transmission at eNB, the better performance the relays’ PDCCH can be achieved. Reserving PDCCH channels for NULL transmission is also helpful to reduce the interference to relays’ PHICH and CRS.
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Figure 2  Performance of relays’ PDCCH
Here is an example to illustrate the performance shown in Figure 2. Consider the following scenario: channel model is EPA with 50Hz Doppler frequency shift, channel bandwidth is 10M Hz, antenna configuration is 2×2 with low correlation, 7 PHICH groups will be transmitted only in the first two OFDM symbols, PDCCH with DCI 1 format of type 1 relay makes use of  8 CCE aggregation level, Wiener channel estimation algorithm is assumed, and no blind decoding is taken into account. Es/N0 is defined as ratio of the UE received signal power from relay to noise power spectral density without taking donor eNB’s interference into account. The curve “No Intl.” means no donor eNB interference, for example, no PDCCH is transmitted. Assume UE received signal power from relay is 3dB lower than that from donor eNB, but UE shall choose relay as its service cell. Link level simulation results are shown in Figure 1. The curve “x/25 Interference” means x/25 of donor eNB’s PDCCH is not NULL. From the figure, we can see that when nearly no interference management, i.e. 24/25 Interference case, the required minimum Es/N0 is about 4dB to achieve the 1% BLER target, and for 8/25 case with some management, the required minimum Es/No is about -2.5dB.
2.5 CRS

For the UEs in relay cell, the channel estimation and corresponding control channel/signal detection performance is mainly influenced by the interference level on CRS. Cell-specific frequency shifting in Rel-8 can be re-used by choosing proper PCID for type 1 relays to mitigate the interference to relays’ CRS. On the other side, the interference level to data symbol can be depressed by increasing the NULL transmission opportunities at donor eNB.  

As before, an example is provided in Figure  3 to evaluating channel estimation performance. “With Intf.” and “Without Intf”, respectively, denotes CRS being interferenced or not from donor eNB. Channel model is EPA 5Hz. 2x1-D Wiener channel estimation is assumed. \

It is seen that the channel estimation performance is limited by the strong interference to CRS. We suggest seeking some efficient techniques to enhance the channel estimation performance. 
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Figure  3  CRS performance 
3 Conclusion
In this contribution, we describe some solutions to mitigate the interference from donor eNodeB to type 1 relays’ control channels and signals, including PBCH, PCFICH, PHICH, PDCCH and CRS. 
It is proposed that:

· Donor eNB advocates its first N_B (1, 2 or 3) PBCH parts in four consecutive radio frames for type 1 relay’s PBCH transmission;
· Donor eNodeB sets the maximum OFDM symbols in PCFICH for PDCCH and PHICH; 
· Relays configures Ng to be large enough to maximize the PHICH group number and assign PHICH evenly in all groups through cyclic shift for DMRS 
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;
· New CRS interference management/avoidance method should be studied;
References
[1] R1-091269, “Downlink simulation results for type 1 relays with in-band backhauling”, Huawei, 3GPP TSG-RAN WG1 #56bis, Seoul, South Korea, March 23-27, 2009. 
[2] R1-091805, “Downlink performance evaluation of type 1 relay,” Huawei, 3GPP TSG RAN WG1 Meeting #57, San Francisco, US, May 4 -8, 2009.

[3] R1-091456, “Initial evaluation of relay performance on DL,” Qualcomm Europe, 3GPP TSG-RAN WG1 #56bis, Seoul, South Korea, March 23-27, 2009
[4] R1-091347, “Relay Impact on LTE System Performance,” Motorola, 3GPP TSG-RAN WG1 #56bis, Seoul, South Korea, March 23-27, 2009.
[5] R1-091806, “Interference mitigation for control channels and signals of type 1 relays,” Huawei, 3GPP TSG RAN WG1 Meeting #57, San Francisco, US, May 4 -8, 2009.

[6] R1-091566, “Relay to UE channel model for LTE-Advanced,” China Mobile, Vodafone, 3GPP TSG-RAN WG1 #56bis, Seoul, South Korea, March 23-27, 2009.











































































_1301409793.unknown

