3GPP TSG RAN WG1 Meeting #82
R1-153767
Beijing, China, August 24-28, 2015
Agenda Item:
7.2.1.7
Source:
Huawei, HiSilicon
Title:
On paging transmission for MTC
Document for:
Discussion and decision
1 Introduction

In RAN1 #81 meeting, the following agreement was concluded for Paging transmission [1]:
Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

In this contribution, the following aspects related to paging transmission are discussed, and corresponding proposals are given:

· The transmission of paging

· The transmission subframes and frequency resource of paging 

2 Transmission of Paging

Three options were proposed for the Paging transmission for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message
Moreover, a working assumption for paging transmission was made in the last meeting.

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

As well known, the basic scenario of UE receiving paging message is to wake a UE in idle state. Moreover, as described in [2], the paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. 
In current specification, the paging message includes paging record list, system information modification indication, ETWS indication and CMAS indication [2]. One paging record includes one paging UE ID, and the paging UE ID may be IMSI or S-TMSI. 

For option 1, for RRC connected UEs in coverage enhancement, it may successfully decode both M-PDCCH and PDSCH (carrying paging) with great difficulty, but find there is no system information modification. Thus, it will significantly waste UE’s power to decode M-PDCCH and PDSCH. In order to save UE’s power on acquiring the indication of system information modification, it may be better to include the indication of system information modification (one bit) in DCI. Thus, for both RRC connected UEs and RRC idle UEs, it can quickly know whether the system information is modified via detecting M-PDCCH.

Similarly, in order to make an MTC UE quickly acquiring ETWS and CMAS information, the DCI can also include the indication of ETWS (one bit) and CMAS (one bit). Considering the small bit overhead for indicating system information modification, ETWS and CMAS, it has slight impact on the DCI content of paging transmission.

Proposal 1: If option 1 is used for paging transmission, to save UE’s power on acquiring the indication of system information modification, ETWS and CMAS, the DCI should include the fields to indicate system information modification, ETWS and CMAS.  

For option 2, one DCI can directly convey a single Paging record. Therefore, the procedure of paging transmission can be simplified from two-steps to one step. One paging record includes one paging UE ID and one bit indication of CN-domain.
The length of paging UE ID is about 40 bits if S-TMSI used and about 24bits~88bits if IMSI used [2]. In actual network paging, S-TMSI is mainly used for the security consideration. Therefore, if S-TMSI is used as Paging UE ID, the length of one paging UE ID is less than that of current one MAC RAR. 
According to the observed simulation results of SIB with TBS=328 bits [3], at -14.3 dB SNR, approximately 350 repetitions are needed for frequency hopping case and approximately 600 repetitions are needed for non-frequency hopping case. Therefore, the packet size of paging message especially in large coverage enhancement should not be larger considering the power consumption is vital for the UEs in deep coverage hole. From this point of view, option 2 is beneficial to system resource utilization efficiency and save UE’s power consumption especially in large coverage enhancement.
Proposal 2: Support option 2 (M-PDCCH DCI carrying the message) for paging transmission especially in large coverage enhancement

For option 3, the TBS and resource allocation of paging transmission may not be flexibly indicated. However, as shown in the figure below, for option 3, if two-PDSCH structure is used, the first PDSCH can not only carry some paging records but also indicate the TBS and resource allocation of second PDSCH transmission. When the packet of paging message is small, the paging message can only be transmitted in the first PDSCH, and no second PDSCH is needed. When the packet of paging message is large, some paging records are transmitted in the first PDSCH, and the remaining paging records are transmitted in the second PDSCH. 
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Figure 1: Illustration of option 3 with two-PDSCH transmissions
For option 3, it can always carry paging record in the first PDSCH, so there has useful data information in the first transmission. Moreover, for small packet paging transmission, only the first PDSCH is needed, which is beneficial to UE’s detection and saving power consumption especially in coverage enhanced scenario. 

Besides, some UEs (e.g., moderate CE UEs) can obtain paging records in the first PDSCH, the power consumption for these UEs can be reduced. Further, the eNB can prioritize the paging records corresponding to UEs running out of battery into the first PDSCH to save UE’s power.

In view of option 3 with two-PDSCH has the advantage of flexible indication as that of option 1, and has benefit to support small packet paging message and save power consumption, it is recommended to consider option 3 with two-PDSCH especially in small coverage enhancement.

Proposal 3: It is recommended option 3 (M-PDCCH-less PDSCH carrying the message) with two-PDSCH can be considered for paging transmission especially in small coverage enhancement.
3 The transmission subframes and frequency resource of paging 
The “transmission of paging” has the similar explanation of “transmission of RAR”. That is, if option 1 and option 2 is used, the “transmission of paging” means the M-PDCCH of paging. If option 3 is used, the “transmission of paging” means the PDSCH of paging.

For determining the subframes of “transmission of paging”, the current mechanism of determining PF and PO can be similarly applied. The detailed method may be discussed and specified in RAN2.

For UEs in idle state, it cannot receive dedicated signaling to obtain the indication of frequency resource. If one common narrowband is used for the paging transmissions for all UEs, the paging capacity will be severely restricted. Thus, it should allow the eNB can configure multiple narrowbands for paging transmissions to increase the paging capacity and reduce the paging DRX cycle.
When multiple narrowbands are configured for paging transmissions, the UE should determine which narrowband should be used to receive “transmission of paging”. It can reuse the methodology of determining PF and PO to determine frequency resource in frequency domain. For example, the idle UE can determine its narrowband location of “transmission of paging” according to its IMSI or paging UE ID. The detailed method to determine frequency resource of “transmission of paging” may be discussed and specified in RAN2. 
Besides, all the 6RBs in the narrowband for paging transmission can be used to guarantee the performance of paging transmission and simplify the standardization work.

Proposal 4: The idle UE can determine its narrowband location of “transmission of paging” according to its IMSI or paging UE ID

Proposal 5: All the 6RBs in the narrowband for “transmission of paging” should be used

4 Conclusions
In this contribution, the following aspects related to paging transmission are discussed, and corresponding proposals are given:

· The transmission of paging

· The transmission subframes and frequency resource of paging

Proposal 1: If option 1 is used for paging transmission, to save UE’s power on acquiring the indication of system information modification, ETWS and CMAS, the DCI should include the fields to indicate system information modification, ETWS and CMAS.

Proposal 2: Support option 2 (M-PDCCH DCI carrying the message) for paging transmission especially in large coverage enhancement

Proposal 3: It is recommended option 3 (M-PDCCH-less PDSCH carrying the message) with two-PDSCH can be considered for paging transmission especially in small coverage enhancement.
Proposal 4: The idle UE can determine its narrowband location of “transmission of paging” according to its IMSI or paging UE ID

Proposal 5: All the 6RBs in the narrowband for “transmission of paging” should be used
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