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1 Introduction
Regarding the paging/RAR transmission for Rel-13 MTC UEs, the following agreements have been reached at the RAN1 #80bis meeting [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

This contribution gives some discussion on RAR transmission based on the agreements above. The discussion on paging transmission of MTC UEs can be found in [2].
2 Discussion
This section will give discussion on the alternatives for number of UEs in RAR message, and the options for RAR transmission mechanism, with the considering on the impact on blocking probability, spectral efficiency, UE power consumption, and network/UE complexity.

2.1 Options for RAR transmission mechanism

As discussed in section 2.1, that the number of UEs in RAR messages should be variable. The following three options are agreed to be considered for RAR transmission:

· Option 1. M-PDCCH + PDSCH carrying RAR messages
· Option 2. M-PDCCH carrying RAR message

· Option 3. PDSCH carrying RAR message

For the common transmission for Rel-13 MTC UEs operating CE,

· M-PDCCH is not needed. For the common message need occupy all the available 6PRBs, no resources information through M-PDCCH is needed, unless cross-narrowband scheduling is supported. On the other hand, the mobility of a MTC UE is considered very low, and then the benefit of DCI content, such as resource allocation, for the purpose of matching the instantaneous UE condition is reduced.

· The spectral efficiency and robustness can be impacted if M-PDCCH is used. For the M-PDCCH  may also need number of repetitions to compensate the path loss,  especially in the larger CE level. That means much spectral resources consumption.  And the blocking probability can be high when considering the bad channel condition, and large number of MTC devices. The MTC UEs will not receive the PDSCH if the M-PDCCH is blocked.
· More power consumption will be needed if M-PDCCH is used. For the MTC UEs have to detect and decode the repeated M-PDCCH, which will consume much more power.
More detail analysis can refer to our contribution for last meeting [3].

And for the RAR transmission operating CE, the resources can be determined according PRACH resource set used by the UE for successful transmission of PRACH.  No M-PDCCH is needed. 

Based on the analysis above,
Proposal 1: Option 3 can be used at least for Rel-13 low complexity UEs operating CE.

For the Rel-13 low complexity UEs not operating CE, the using of M-PDCCH may have less impact on the robustness, the spectral efficiency, and the power consumption. However, for the complexity reduction, the same design should be used for the Rel-13 low complexity UEs, operating or not operating CE.    
So Option 3 can also be considered for the Rel-13 low complexity UEs not operating CE. 

There may be massive deployments of low complexity UEs in a cell, if the Transport Blocks Size (TBS) for unicaset transmission of these low complexity UES is no larger 1000 bits, the PDSCH/PUSCH may offer insufficient spectral efficiency, because of the large control overhead [4]. In this case, Option 2 can be used. However, the RAR is a common message, the control overhead may not a so serious problem, especially if no control channel is used when not operating CE. That is, Option 2 may be more applicable for the small TBS unicast transmission as discussed in [4]. 
2.2 Alternatives for number of UEs in paging/RAR message
In general, the eNB may transmit a RAR message responding to the preambles transmission in each PRACH time/frequency resource. Each RAR is targeted to one UE even though a group UEs sharing an RA-RNTI can receive it, and eventually, only UE will be connected to the network per RAR, after contention resolution.
· Alt 1. Fixed number of UE(s)

If a fixed number UE is included in the RAR message, for example, if there are only enough resources for one UE RAR according to the blocking probability evaluation, it may be beneficial for the complexity reduction, no M-PDCCH is needed for RAR transmission ,and  the MTC UE need not  detect the RAR size blindly even without M-PDCCH.
However, it may be difficult to determine the fixed number
· If the fixed number is less than requirement, for example, the eNB has identified five preambles, but the fixed number is one, the eNB may have to transmit additional RAR messages in the RAR-window with UEs additional RAR detection in the RAR-window, or some UEs blocked may need to try another preamble transmission. This may have impacts on the spectral efficiency, the UE power consumption, and the network access time. 
· If the fixed number is larger than the requirement, there will some resources waste, for some padding bits will be needed in the RAR transmission. 
· Alt 2. Variable number of UEs & Alt 3. Variable number of UEs with variable padding (total size is fixed)
If a variable number of UEs is included in a RAR by eNB according to the preamble detection result, some issues of Alt.1, for example, the impacts on spectral efficiency and UE power consumption can be mitigated.  For eNB may not need additional RAR transmissions in the RAR-window, and the UEs may not need additional RAR detection in the RAR-window, or additional preamble transmission attempts. 
However, the UEs need to determine the TB size for the RAR message. 
If Option 3 is used for Rel-13 low complexity UEs operating or not operating in CE  as discussed in section 2.1, the UE has to detect the RAR TBS blindly. This may increase the complexity and power consumption of the UE. A compromising alternative, i.e.Alt.3, can be considered, which can avoid the issues of Alt.1 fixed number of UEs, and can also mitigated the impacts of Alt.2 variable number of UEs.
And in Alt.3, the eNB may have the chance to configure different total size for different RAR transmission occasions based on a long time statistic, if the traffic of MTC UEs operating in CE can be assumed regular. Therefore, the size may be fixed in the UE’s assumption, but the assumption may be changed by eNB.
Alt.2 can also be considered if UEs can determine the TB size for RAR message in an efficient way, even Option3 is used as discussed in section 2.1. For example, a first RAR message with fixed TB size can be used for partial UEs RAR, and to indicate the TB size of a second RAR message. The TB size of the second RAR message can be variable.  In this case, the eNB has the chance to included suitable number of UEs in the two RAR messages, which has less impact on the spectral efficiency, the UE power consumption and network access time. 

Proposal 2: Variable number of UEs in RAR message should be supported.

· Alt. 2: FFS how the UEs determine the RAR TB size

· Alt. 3: FFS how the fixed size is set.

3 Conclusions

This contribution gives some discussion on the RAR transmission for MTC based on agreements in last meeting. The following proposals are presented:
Proposal 1: Option 3 can be used at least for Rel-13 low complexity UEs operating CE.

Proposal 2: Variable number of UEs in RAR message should be supported.

· Alt. 2: FFS how the UEs determine the RAR TB size

· Alt. 3: FFS how the fixed size is set.
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