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1 Introduction
Paging enhanced transmission was discussed in the last RAN1 and RAN2 meeting. Agreements achieved in RAN1#80bis are as following [1]:

Agreements:
· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity

Agreements achieved in RAN2#89bis include [2]:

Agreements:
3
For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 
7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

8
The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)

RAN2’s agreements affect the design of the repetition pattern for the paging occasions, which may further affect choosing between control-less or control-directed for paging transmission for MTC, which is discussed in detail in this contribution. 
2 Discussion

In addition to considering the factors listed in RAN1 agreements for further study, there are other factors, for example, the length of UE specific paging cycles and the design of the repetition patterns of the paging occasions. 
2.1 “Real” and “fake” paging occasions
Discontinuous Reception (DRX) in idle mode is designed for UEs to reduce power consumption. For legacy UEs, one Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message, and one Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle [3]. For UEs in coverage enhancement (CE) requirement, the UE specific paging DRX cycles will be much longer and UEs need to monitor a repetition of POs per DRX cycle. 
The cell specific paging DRX cycle in SIB will be extended as well for CE, and the shortest of the UE specific DRX value and a default cell specific DRX value broadcast in SIB will be used to help determine POs. The length of UE specific paging cycle is UE’s property and related to or partly determined by applications UE is served. Normally, it is envisioned that UE may need to be paged once every paging cycle. However, there are other factors that may affect how often UEs will be paged. For example, when CE is turned off in not “quiet time”, during which UEs keep on monitoring paging, but eNB does not transmit paging message at all, so it is called “fake” paging occasions. Otherwise, it is called “real” paging occasions in this contribution. 
2.2 Comparing options for paging transmission mechanism
RAN2 has agreed UE’s CE level will be reported to network, and UE does not inform the network when it changes the CE level in idle mode. For example, when UE changes CE requirement from Level 2 to Level 1 assuming Level 2 needs more repetitions than Level 1 in idle mode but eNB still saves Level 2 for the UE, in such case RAN2 expects UE can still possibly succeed in decoding paging in Level 1 on the “real” paging occasions. Hence, RAN2 further agreed that the starting subframe of a paging occasion and the repetition pattern of that paging occasion are determined irrespective of the UEs coverage extension level but how to design is FFS.
From eNB perspective, resources include all time and frequency resources used for paging transmissions and it is expected to achieve as high resource efficiency as possible. In other words, the repetition pattern of the paging occasion may not be dimensioned always by the largest level, as actually there is only a small proportion of UEs in the cell which need the largest CE level. However, if not dimensioned by the largest level, the paging occasions for UEs under a small CE level may be blocked by that for the largest level, due to the resource usage of the control and/or data transmission with a large number of repetitions. Therefore, it is a trade-off among spectral efficiency, blocking probability, and UE power consumption. 
1) On “real” paging occasions
For decoding on one repetition pattern candidate of “real” paging occasions, there are three options: 
· Option 1. M-PDCCH + PDSCH carrying paging

· Option 2. M-PDCCH carrying paging

· Option 3. PDSCH carrying paging

“Real” paging occasions include the cases that the paging message is transmitted and it addresses or not addresses the UE which is monitoring the paging message. No matter which case is, UEs in Option 1 need to decode M-PDCC and PDSCH. 

The total number of paging subframes UE detects for Option 2 or 3 can be less than that for Option 1 because only one channel either M-PDCCH or PDSCH needs to be received, which may have benefits on saving UE’s power consumption and reducing system resource overhead. However, the number of UEs can be variable (Alt.2) dependent on M-PDCCH scheduling in Option 1, and it is probably fixed number of UE(s) (Alt.1) or variable number of UEs with variable padding (total size is fixed) (Alt.3) in Option 3 and will be changed semi-statically say by higher layer signalling. The UE multiplexing of option 2 or 3 is not as flexible as Option 1. Therefore, using option 1 can allow the UE to be sent information regarding paging message size or content more easily than option 2 or 3. If TBS of paging message can be derived from the number of repetitions of paging transmission or the TBS of paging message can be indicated by a separately transmitted paging header (replacing the functionality of control channel), the impact of supporting variable TBS may be alleviated to some extent in option 3.
2) On “fake” paging occasions
“Fake” paging occasions are those UE monitors but eNB does not transmit the paging message at all, so any effort of decoding is power consuming and fruitless for UEs. 
In Option 1, UEs decode M-PDCCH first and do not need to decode PDSCH if no P-RNTI associated DCI, where P-RNTI is still used for the sake of simple description but it shall be a different RNTI from P-RNTI used for normal UEs as analyzed in Section 2.3. Comparing three options, if the message size of M-PDCCH of Option 2 approximates the DCI size of M-PDCCH of Option 1 or if the complexity of decoding the TBS of PDSCH of Option 3 is similar to that of blind decoding DCI of Option 1, three options may be equally sensible and favorable. However, Options 2 and 3 probably have a fixed number of UE(s) or Option 3 has a variable number of UEs with variable padding (total size is fixed). Considering a UE ID for paging is 32 bits (m-TMSI) [4] , the message sizes of Options 2 and 3 are very likely to exceed the DCI size of Option 1. Hence, Option 1 is beneficial over the others in terms of “fake” paging occasions. However, the benefit of option 1 in “fake” paging case may rely on the probability of “fake” paging occasions, which may be dependent on the PF/PO configuration and UE’s number in the network. 

To summarize, option 1 has flexibility on TBS indication and benefit on saving power consumption in “fake” paging occasions, and option 3 has benefit on saving UE’s power consumption and reducing system resource overhead in “real” paging occasions.  Thus, both option 1 and option 3 can be worthwhile to consider.
The overall analysis and comparison among three options leads to:
Proposal 1: Both option 1 (M-PDCCH + PDSCH carrying paging) and option 3 (PDSCH carrying paging) can be worthwhile to consider. 

2.3 RNTI for paging

If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it should be associated with an RNTI different from P-RNTI. Otherwise, Rel-13 MTC UEs and UE operating CE may try to decode paging for normal UEs, which is undesirable for the sake of UE power consumption and deviates from the spirit of separately transmitting paging from normal UE. 

Proposal 2: If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it is associated with an RNTI different from P-RNTI.

3 Conclusions
This contribution focuses on analysis of control-less or control-directed for paging transmission for MTC in terms of “real” and “fake” paging occasions, which leads to the following proposals:
Proposal 1: Both option 1 (M-PDCCH + PDSCH carrying paging) and option 3 (PDSCH carrying paging) can be worthwhile to consider.
Proposal 2: If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it is associated with an RNTI different from P-RNTI.

References

[1] RAN1 Chairman notes, RAN1#80bis, Belgrade, Serbia, Apr. 20-24, 2015.
[2]  RAN2 Chairman notes, RAN2#89bis, Bratislava, Slovakia, Apr. 20-24, 2015. 
[3] TS 36.304, “User Equipment (UE) procedure in idle mode (Release 12),” V12.4.0 (2015-03).
[4] TS 36.331, “(E-UTRA); Radio Resource Control (RRC); Protocol specification (Release 12),” V12. 5.0 (2015-03).











































































