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1 Introduction 
At RAN1 #62 meeting, it was agreed [1] that “extend Rel 8/9 backhaul based ICIC to include time domain component” and the baseline is coordination of almost blank subframes for Macro-Pico.
From discussions on time domain solution at previous meetings, one common solution for FDD and TDD will be needed. Considering the strict frame synchronization requirement for TDD [2], to achieve a common solution for FDD and TDD, the frame synchronization between Macro and Pico should also be needed for FDD.  In this case, the interference from Macro’s common channels, including PSS/SSS, PBCH, Paging, SIB1, etc., to Pico’s common channels would be serious, and may not be reduced with the almost blank subframe solution. Then, the interference coordination between Macro and Pico for the common channels may be necessary.

In this contribution, the interference issues for common channels are analyzed, and possible interference coordination schemes for common channels are also presented.
2 PSS/SSS and PBCH
For PSS/SSS and PBCH transmission, eNB always schedules them on the predefined resources, which lead to inevitable interference from one cell’s PSS/SSS and PBCH transmission to another cell UE’s PSS/SSS and PBCH reception in the co-channel deployment. In general case, the interfered UE would reliably decode PSS/SSS and PBCH provided the interference strength is not very strong. However, to some severe interference scenarios (for example, a Pico UE closer to a Macro), the interfered UE may not reliably decode PSS/SSS and PBCH.  
Considering some severe interference scenarios between Macro and Pico, it may be feasible to adjust some PSS/SSS and PBCH transmit power of Macro [3-4]. Macro can even mute one PSS/SSS transmission resource within multiple radio frames. On the resources corresponding to the muted PSS/SSS of Macro, Pico can transmit PSS/SSS to those UE interfered seriously by Macro. Similarly, Macro can mute PBCH transmission one or two times within the 40ms interval. On the resources corresponding to the muted PBCH of Macro, Pico can transmit PBCH to those UEs interfered seriously by Macro.
For cell edge PUE’s (Pico UE) PSS/SSS and PBCH protections, the above muting method may be feasible, and it would not impose serious performance deterioration for Macro UEs due to the decoding reliability of PSS/SSS and PBCH are robust.  Moreover, the muting scheme is simple, and there is no any specification impact. However, the cell search time of some UEs may be prolonged. 
3 Paging and SIB1
For the Paging messages transmission, an eNB will schedule the Paging messages in subframes #0 or #4 or #5 or #9 in FDD (subframes #0 or #1 or #5 or #6 in TDD), depending on UE_ID, configured Paging occasions and Paging frames [5]. A UE will decode PDSCHs which are scheduled by PDCCHs masked with P-RNTI to acquire the Paging messages. 
For the SIB1 messages transmission, an eNB will schedule the SIB1 messages in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0 [6]. A UE will decode PDSCHs which are scheduled by PDCCHs masked with SI-RNTI to acquire the SIB1 messages.
Considering the Macro-Pico co-channel deployment, even if the almost blank subframe solution is adopted, the subframes carrying Paging/SIB1 from Pico cell may still be collided with that from the Macro. In this case, the cell edge PUE’s PCFICH and PDCCH (for Paging/SIB1 scheduling) detection may suffer high interference from not only Macro cell’s CRS but also Macro cell’s PCFICH and PDCCH (masked with P-RNTI/SI-RNTI). Moreover, PDSCH decoding of cell edge PUE may also suffer from the strong interference from not only CRS but also PDSCH (for Paging/SIB1 scheduling) of Macro.

According to our previous almost blank subframe simulation results for PCFICH and PDCCH [7], the cell edge PUE’s PCFICH and PDCCH performance would be seriously degraded even if there only has CRS interference. Apparently, the cell edge PUE’s PCFICH and PDCCH (masked with P-RNTI/SI-RNTI) performance may be further deteriorated as the cell edge PUE’s PCFICH and PDCCH (masked with P-RNTI/SI-RNTI) detection suffer more interference (including CRS, PCFICH and PDCCH) from Macro. Thus, the performance of Paging/SIB1 messages detection of cell edge PUE would be deteriorated as the cell edge PUE may fail to successfully decode the PCFICH and PDCCH. Moreover, even if the cell edge PUE successfully decodes the PDCCH for Paging/SIB1 scheduling, the PDSCH (for Paging or SIB1 message) performance of cell edge PUE may also be further deteriorated as the cell edge PUE’s PDSCH detection would suffer from the strong interference from not only CRS but also PDSCH (for Paging/SIB1 scheduling) of Macro.

In order to protect the Paging/SIB1 reliable receptions for cell edge PUE, one possible way is that Macro can also adjust the transmit power or even mute the transmissions for Paging/SIB1 to protect cell edge PUE’s Paging and SIB1 receptions, as shown in Fig.1 and Fig.2, respectively.
In Fig.1, as an example, Macro’s even radio frames align with Pico’s odd radio frames. Note this alignment is still synchronous at radio frame level. Besides, Macro and Pico configure the Paging frames in their own even frames. On the resources corresponding to the Pico’s Paging subframes, Macro configures its subframe resources as almost blank subframes. In this way, Pico’s Paging messages can be decoded successfully by those cell edge PUEs.

A possible drawback of the above muting scheme is to increase the Paging detection period for cell edge UEs. However, it might be considerable to guarantee the Paging reliability with the cost of the increment of Paging detection period for the cell edge UEs. 
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Fig.1. Interference coordination for Paging, TDD
In Fig.2, as an example, Macro’s even radio frames align with Pico’s odd radio frames. Note this alignment is still synchronous at radio frame level. Both Macro and Pico will transmit their SIB1 messages in subframe 5 of even radio frame. On the resources corresponding to Pico’s SIB1 transmission subframe resources, Macro can configure its subframe resources as almost blank subframes. In this way, Pico’s SIB1 messages can be decoded successfully by those Pico-UEs near Macro.
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Fig.2. Interference coordination for SIB1

To sum up, as for Paging and SIB1 messages protection, the above muting scheme would be simple and could be a common solution for FDD and TDD. 
4 Conclusion
In this contribution, we consider the interference issue for the common channels, including PSS/SSS, PBCH, Paging, and SIB1. The possible way to protect these common channels was analyzed. Based on the above analyses, the following proposal is given for the current RAN1 discussion:
Proposal: Muting scheme would be a simple and feasible way to protect common channels (PBCH, Paging, SIB1, etc.) in the victim Pico cells in HetNet.
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