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1. Introduction

PDCCH reception is required by Idle UE for several purposes (i.e. Paging, BCCH, BCCH modification indication, and SC-MBMS). RAN2 discussed these PDCCH usages especially for paging and BCCH. However, it’s not clearly identified how much impact UE has on PDCCH reception for these purposes. This document proposes minimum combination of PDCCH reception for several purposes in order to minimize UE complexity.
2. Discussion
2.1.   The requirement of PDCCH reception in idle
In order to understand PDCCH reception complexity to UE, it’s necessary when and how many UE needs to receive PDCCH. PDCCH reception could be categorized as follows:
· Periodical reception
· UE needs to monitor PDCCH periodically for paging indication, BCCH modification indication, and P-MCCH for SC-MBMS.
· Reception period would be one (or several) subframe(s) per 1.28, 2.56, or 5.12s based on configuration.
· This reception is frequent to other reception. Therefore, there is a lot of impacts to UE battery power consumption

· Trigger based reception
· UE needs to monitor PDCCH at cell reselection or reception of BCCH modification indication.
· Reception period is up to scheduling method. If dynamic scheduling is used, the period would be around one radio frames as maximum. If semi-static scheduling is used, the period would be one subframe. The frequency of BCCH transmission would be between 80ms and around 1 to2 seconds.
· UE only needs to monitor it once, if timer based approach (i.e. SIB7 in UMTS) is not required. If timer based approach is used, the timer value would be long. Therefore, battery impact is relatively low
· Reception for limited UEs
· UE needs to monitor PDCCH based on MCCH for MTCH for SC-MBMS.
· Reception period is up to service. Therefore, the range would be broad.
· Frequency of MTCH transmission is also up to service. 
2.2.   Which combination should be allowed?
This section discusses which combination should be supported by UE based on section2.1.
PDCCH reception should be minimized to achieve good batter power consumption. For this purpose, the most frequent PDCCH reception (i.e. periodical PDCCH reception in section2.1) behaviour is the most important. 
We prpose paging, BCCH modification indication, and P-MCCH for SC-MBMS should be possible to receive within one wake up period (i.e. one or several subframes). However, if UE needs to receive three type of PDCCH, this increases UE complexity. Therefore, we also propose to combine paging and BCCH modification information in one message as same as UMTS. There would be several paging occasion to handle many UEs. BCCH modification indication, which is transmitted in every paging occasion, would increase the usage of this PDCCH. However, as discussed in RAN2 RRC conference call, BCCH update would not be frequently (e.g. once per day). Then, the overhead would be negligible.
On the transmission of "Paging, BCCH modification indication, and MCCH for SC-MBMS" in one wake up period, whether the behaviour is feasible or not should be asked to RAN1. In our view, PDCCH format for BCCH could be used for MCCH for SC-MBMS, since these two are similar. As proposed by several companies, specific message for BCCH could be considered. The aspect also should be discussed as UE complexity with RAN1. 
In order to have one wake up period for both paging and MCCH for SC-MBMS, one should consider paging occasion and MCCH repetition period. As same as UMTS, we assume there is MCCH repetition period. In this case, if the number of repetition during paging interval is equal or larger than the number of paging occasion, it might be possible to align MCCH transmission for SC-MBMS with each paging occasion. The behaviour is described in Figure 1(a). If the number of repetition during paging interval is lower than the number of paging occasion, several paging occasions needs to be configured in consecutive subframes as illustrated in Figure 1(b).
[image: image1.emf]UE1 wake up 

behaviour

Paging occasion

MCCH for SC-MBMS

UE2 wake up 

behaviour

UE1 wake up 

behaviour

Paging occasion

MCCH for SC-MBMS

UE2 wake up 

behaviour

UE1 UE2 UE1 UE2

Repetition period


       (a)                                                                                                                 (b)
Figure 1: Paging and MCCH for SC-MBMS
BCCH reception would not be triggered so frequently as summarized in section2.1. The impact to battery power consumption wouldn’t be large. If UE can receive BCCH in addition to BCCH modification indication, UE can detect BCCH modification and receive BCCH within one wake up period. However, as stated above, the efficiency is not significant. Therefore, there is not strong need to transmit BCCH and PDCCH for "Paging, BCCH modification indication, and P-MCCH for SC-MBMS" in one wake up period from battery power saving perspective. On the other hand, to transmit them in one wake up period makes difficult for time/frequency resource management. This reduces benefit to use DL-SCH for BCCH transmission. Therefore, this should be avoided. 
From UE complexity perspective, it’s attractive to reduce receiving many PDCCH (i.e. three PDCCHs, PDCCH for "Paging and BCCH modification indication", PDCCH for P-MCCH for SC-MBMS, and PDCCH for BCCH). Therefore, we propose to transmit PDCCH for BCCH in different subframe from paging occasion and MCCH for SC-MBMS transmission. 
Scheduling flexibility is also important aspect. MTCH for SC-MBMS will require some flexibility, since the number of services and amount of traffic could be different frequently. In order to allow flexibility within minimum restriction, it should be possible for UE to receive "Paging, BCCH modification indication, and P-MCCH for SC-MBMS" and MTCH for SC-MBMS at the same time. In order to avoid additional complexity, we propose to avoid special format for MTCH (i.e. unicast and MBMS should use same format).
3. Conclusion
This document discusses PDCCH reception by LTE_IDLE UE. We propose following
· Paging and BCCH modification indication should be merged as same as UMTS.
· The feasibility of the reception of both "Paging and BCCH modification indication" and the modification indicaton for P-MCCH for SC-MBMS in one subframe should be asked to RAN1
· "Paging, BCCH modification indication, and P-MCCH for SC-MBMS" and BCCH should be transmitted in different subframe
· MTCH for SC-MBMS should use same PDCCH format as unicast
Annex: Analysis of Paging, BCCH and SC-MBMS
Annex 1. Paging

· UE needs to Monitor PDCCH for paging during paging occasion decided by CN ID and CN DRX interval
· Paging occasion would be one or several subframes per 2.56s or 5.12 for one UE
· Different Paging occasion might be used among UEs
· Only one Paging-RNTI will be used to indicate paging
· Paging group may be defined in order to minimize PDSCH reception. In this case, the paging group information needs to be included in PDCCH
· However, the optimization would not be so efficient, since battery power saving is not significant.
· PDCCH format to indicate paging needs to be special message, if PDCCH needs to carry paging specific information like paging group
· If PDCCH is only used to indicate PCH position in PDSCH, no need to have special format
Annex 2. BCCH
· UE needs to monitor for PDCCH for BCCH reception and BCCH modification during period indicated in BCCH or specified in spec
· For BCCH reception
· UE only needs to receive BCCH, when BCCH modification is informed to UE or UE performs cell reselection
· For SU-1, UE needs to monitor PDCCH on subframe#5 per 80ms
· For other SUs, UE needs to monitor PDCCH during period indicated by SU-1
· For BCCH modification
· UE needs to monitor BCCH modification during one or several subframes per 2.56s or 5.12s
· This could be merged with paging. BCCH modification transmission would not be often (e.g. once per day). Therefore, BCCH modification per each paging occasion wouldn’t lead much overhead
· BCCH reception may require to have several RNTIs (i.e. to indicate transmission and to indicate end of transmission). BCCH modification will require only one RNTI
· PDCCH for BCCH reception needs to be specific, if PDCCH needs to include BCCH specific info like value tag
· If PDCCH is only used to indicate position in PDSCH, no need to have special format. This is also related with PDCCH scheduling discussion.
· PDCCH for BCCH modification needs to be specific, if PDCCH includes BCCH modification information itself
· If PDCCH is only used to indicate position in PDSCH, no need to have special format. But, message size would be very small, since the size would be under 10 bit (e.g. 3bit for SU type and 4bit for value tag).
Annex 3. MBMS

· UE needs to monitor PDCCH for P-MCCH and MTCH for SC-MBMS (existence of MICH is not clear. If we have it, this would be similar to BCCH modification indication. This point is not included in current document)
· For MCCH, assuming that MCCH transmission requirement would not be so much different from UMTS, UE needs to monitor PDCCH during one or several subframes per 1.28s. The period is informed to UE by BCCH
· For MTCH, it’s up to MTCH scheduling. The period is informed to UE by MCCH
· P-MCCH will have one RNTI. MTCH will require different RNTIs per service (or group of services)
· PDCCH format for P-MCCH would be similar to PDCCH format for BCCH. So, this should be discussed with BCCH. PDCCH format for MTCH could be same as unicast, even though this wasn’t discussed in RAN1
· If MTCH uses RNTI per group of services, actual service info might be included in PDCCH. In this case, different format might be used
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