Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #91bis
R2-154360 

Malmo, Sweden, 5th – 9th Oct 2015

Agenda Item:
7.4.4
Source: 
Huawei, HiSilicon
Title:  
MTC Paging Transmission
Document for:
Discussion and Decision
1 Introduction
RAN2 discussed the Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#91, and the following agreements were made:

Agreements at RAN2#91:
· The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

· For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

· RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

· A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

· Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

· Repetitions pattern in both time and frequency should be determined and specified by RAN1.

· As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.
Moreover, the following agreements on Paging for Rel-13 low complexity UEs and UEs in enhanced coverage were made at RAN1#82:

Agreements at RAN1#82:
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)
· One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)
· On indicators for system information update, ETWS, and CMAS:

· Option A: Transmit in M-PDCCH 

· Option B: Transmit in PDSCH 

· FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or not

· FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

· The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

· Note: the ‘CE level’ can be replaced by a proper terminology later if needed

In this contribution, we will continue the discussion on remain open issues on Paging from RAN2 perspective.
2 Discussion
2.1 Multiple narrowbands for Paging transmission
A narrowband is defined in RAN1#81 as a set of contiguous PRBs, as Rel-13 low complexity UEs can only support PDSCH reception on 6 contiguous PRBs within a wideband system. For Rel-13 low complexity UEs and UEs in enhanced coverage, RAN2 agreed that the PF/PO will be determined according to the current mechanism, which means the Paging capacity will be kept unchanged from time domain perspective. Given that the Paging transmission may need to be repeated hundreds of times to meet the coverage enhancement target and only few Paging record can be accommodated in a Paging message, if there is only one narrowband for Paging transmission in the system, the Paging capacity will be severely restricted. 
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Figure 1: Multiple narrowbands for Paging
To increase the Paging capacity and correspondingly reduce the Paging blocking probability, it is desirable to support multiple narrowbands across the system bandwidth for Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage, as shown in Figure 1. The number of Paging narrowband is configurable by the eNB, according to e.g. the system bandwidth and the Paging load. Note that if M-PDCCH-scheduled solution (i.e. Option 1 and Option 2) is adopted by RAN1, Paging narrowband means 6 contiguous PRBs for M-PDCCH transmission, but if M-PDCCH-less solution (Option 3) is adopted by RAN1, Paging narrowband means 6 contiguous PRBs for PDSCH transmission.
Proposal 1: Support of multiple Paging narrowbands across system bandwidth for the Paging transmission for Rel-13 MTC, and the number of Paging narrowband is configurable by the eNB.
2.2 Determination of UE’s Paging narrowband
As agreed in RAN2#91, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level. Thus, the UE’s Paging narrowband (i.e. the narrowband on which the UE performs the Paging message reception) is determined irrespective of the UE’s coverage extension level. For UEs in enhancement coverage, if multiple Paging narrowbands are configured in the system, one straightforward way is that the UE’s Paging narrowband is determined by the UE ID. The advantage is that in case multiple UEs with different coverage enhancement level are Paged by the network simultaneously and they are monitoring the same PO, the Paging messages for them may potentially be separated in different Paging narrowband, which will avoid the inefficient Paging transmission, as shown in Figure 2. 
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Figure 2: Paging narrowband selection by UE ID
When the Paging load is high or if the system bandwidth is narrow, UEs with different coverage enhancement level might be difficult to be separated in different Paging narrowband. In this case, the eNB may choose to multiplex the Paging for multiple UEs into one Paging message, or choose to postpone the Paging for some of the UEs to the subsequent paging occasions. Anyway, this is up to the eNB implementation, and the number of Paging record included in one Paging message should be flexible (i.e. between 1 and 16 as today).  

Proposal 2: For CN initiated Paging, the UE’s Paging narrowband is determined by the UE ID.
Proposal 3: The number of Paging record included in one Paging message is flexible.

2.3 Paging frames and Paging occasions
In the legacy networks, paging frames and paging occasions are determined by using the formulae given in TS 36.304. For Rel-13 low complexity MTC, the paging location can be also calculated by the current principle. For UEs in coverage enhancement, repetitions of paging message should be delivered. The starting radio frame for the repetitions of M-PDCCH can be indicated by PF, and the starting sub-frame for the repetitions of M-PDCCH can be indicated by PO. In time sequence, the repetitions of paging messages are transmitted after the repetitions of M-PDCCH with P-RNTI.
The transmission of paging repetitions needs more subframe. We can re-use the legacy paging frame and paging occasion for paging transmission of LC/EC MTC. This method has no impact to current mechanism. Paging message can be derived by accumulating multiple paging cycles, which will lead a very long latency. Based on RAN1’s simulation evaluation, hundreds of repetitions are needed for paging transmission. Considering DRX cycle, the latency may be up to minutes for paging receiving. 
Thus, another alternative is to introduce extra subframes for paging repetitions for Rel-13 LC/EC MTC. Similarly, the calculation for the starting frame and subframe is based on the legacy formulae in TS 36.304. The paging messages are repeated between two paging occasions. 
The current interval time between two paging occasions may not be sufficient for repetition of M-PDCCH and paging messages, which will lead collision between the repetitions of different paging messages. For example, even when the parameter ‘nB’ in paging occasion calculation formula is set to the lowest value of T/32, the maximum separation between two paging occasion is only 32 frames which is still not enough for hundreds of repetitions. Thus, a longer separation between paging occasions may need to be defined. Based on the formulae given in TS 36.304, the minimum value range of ‘nB’ should be extended for LC/EC MTC, like T/64, T/128, or lower values. 
Proposal 4: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, like T/64, T/128, or lower values, to support hundreds of repetitions. The exact value will be determined based on repetition number of PDCCH. 
3 Conclusion

In this contribution, we discussed remain open issues on MTC Paging transmission, and we have the following proposals: 
Proposal 1: Support of multiple Paging narrowbands across system bandwidth for the Paging transmission for Rel-13 MTC, and the number of Paging narrowband is configurable by the eNB.
Proposal 2: For CN initiated Paging, the UE’s Paging narrowband is determined irrespective of the UE’s coverage enhancement level.
Proposal 3: For CN initiated Paging, the UE’s Paging narrowband is determined by the UE ID.

Proposal 4: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, like T/64, T/128, or lower values, to support hundreds of repetitions. The exact value will be determined based on repetition number of PDCCH. 
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