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Introduction
In earlier RAN1 meetings, RAR and paging messages were discussed for Rel-13 low complexity MTC UEs and the following agreements were reached:
Agreements:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs
· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
· Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.
· Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.
· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE
· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
· Rel-13 low complexity UE can be identified by PRACH
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
Agreement at RAN1#80bis:
· 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

In this contribution, we discuss the transmission of RAR messages and paging for LTE Rel-13 MTC and provide some proposals at the end.
Random Access Response (RAR) transmission
For MTC, the random access (RA) procedure is the same as legacy LTE system which involves transmission of four messages (msg1-4). However, initially, MTC UE should estimate the coverage level (0-3) based on some criteria for example using downlink RSRP measurements in order to determine the number of repetitions for PRACH transmission (message 1). Then, UE should select one of the PRACH resources allocated for that coverage level and start random access procedure. eNB can determine the coverage level from the PRACH resource used by the UE as there is one to one mapping between PRACH resource set and PRACH repetition level. 
In the last meeting, the following alternatives for multiplexing RAR messages intended for different UEs were listed for further investigation [5]. 
Alt 1. Fixed number of UE(s): The number of UEs are always fixed for example to 1 or 3. This means that the TBS for RAR transmission is always fixed according to the number of UEs.

Alt 2. Variable number of UEs: The number of UEs are variable and hence the TBS for RAR transmission is variable in relation to the number of UEs.
 
Alt 3. Variable number of UEs with variable padding (total size is fixed): This means that the number of UEs are variable up to a predefined maximum number, and the TBS for RAR transmission always assumes the predefined maximum number of UEs and if number of UEs are less than the maximum, padding bits are added into the RAR message in order to avoid blind-decoding of TB size.

These above alternatives can be combined with the following scheduling options for RAR transmission mechanism [5]. However, the main criteria to select the best option combined with one of the alternatives should be based on eNB scheduling flexibility, reducing blocking probability and UE power consumption.

Option 1. M-PDCCH + PDSCH carrying RAR messages: This option means to define common search space (eCSS) in EPDCCH to provide dynamic scheduling for RAR messages where number of PRBs, TBS and frequency locations (i.e. subband index), etc. are included in the DCI format. 
The advantage of this option is the eNodeB scheduling flexibility that achieves an efficient system operation for RAR messages. Furthermore, it is possible to multiplex a number of RAR messages which have same coverage level into a single TBS similar to Rel-8. However, if multiple messages are multiplexed, the payload will increase and as a consequence the number of repetitions in time domain will increase for a given coverage level. So, in order to strike a right balance, it is beneficial eNB to control the number of messages that can be multiplexed depending on coverage level. For example, by redefining the normal coverage to only single Rx UE in a cell, the RAR messages for low complexity MTC UEs in normal coverage can be multiplexed while in enhanced coverage mode (e.g. 5dB, 10dB and 15dB), a single RAR message transmission is desirable. 
The disadvantage of this option is the control overhead compare to other options specifically for coverage enhanced mode where a significant number of repetitions are needed for eCSS transmission. Alt 1 and 2 above can be clearly combined with this option 1.
Option 2. M-PDCCH carrying RAR message: The control channel such as EPDCCH CSS (eCSS) can be used to carry the RAR message for individual UEs. In the legacy LTE system, a single RAR message size is 56 bits. So, it may be possible to utilise one of the larger DCI formats masked with specific RA-RNTI to carry a single RAR message for a given UE with a larger aggregation level (e.g. 16 and 24). The advantage of this option is that PDSCH transmission is completely eliminated which is beneficial from network’s spectral efficiency as well as from UE’s power consumption reduction. However, due to utilizing larger DCI formats, this option may reduce the control channel capacity in the system which would lead a higher blocking probability for the RAR messages as well as other control transmissions, therefore, some further investigation is necessary. Alt 1 above can be definitely combined with this option 2.
Option 3. PDSCH carrying RAR message: In this option, the transmission formats can be fixed, for example the number of PRBs can be preset to 6RBs, a single TBS or a limited set of TB sizes can be used where UE always tries a number of blind-decodings and the frequency location can be fixed to center 6RBs or can be derived from PRACH resources. The main concern is that this option lacks eNB scheduling flexibility as the frequency location cannot be changed dynamically for RAR messages. Moreover, in case a number of RAR messages end up on the same subband, some kind of queueing will be necessary where UE tries to decode each RAR message carried by PDSCH in the detection window as the UE does not know when his message will be transmitted. Hence, the power consumption at the UE will be increased significantly. Alt 1 and 3 can be certainly combined with option 3.

Observation 1: For normal coverage, multiple RAR messages can be multiplexed together under the eNB control, however, for enhanced coverage mode (e.g. 5dB, 10dB and 15dB), a single RAR message transmission for single UE should be considered. 

Given a single RAR on msg2 (i.e. no RAR multiplexing in msg2) in CE mode, all UEs which have transmitted PRACH preambles on the same time and frequency resource with the same RA-RNTI corresponding to that resource will monitor the control channel with same RA-RNTI as well as decoding the PDSCH for their RAR, although at the end, only one UE may find its RAR message. This will result unnecessary power consumption for other UEs whose PRACH preambles were detected by the eNB but their RAR messages are not transmitted. So, in order to reduce the power consumption for other UEs, a new MTC RA-RNTI for the intended UE may be necessary at least for coverage enhanced mode. The legacy RA-RNTI has a range of 1 to 60 and is determined as follows:
RA-RNTI = 1 + t_id + 10*f_id
where t_id = index of the first subframe of the transmitted PRACH (0≤ t_id <10) and f_id = index of the transmitted PRACH in frequency domain of the same subframe (0≤ f_id< 6).
One way is to re-think how RA-RNTI is derived by employing PRACH sequence index as an RA-RNTI. This will detach the new MTC RA-RNTI from multiple UEs even if they select same t_id and f_id unless they pick up same PRACH sequence index. The new MTC RA-RNTI can be placed above the legacy RA-RNTI range and can be determined as follows:
RA-RNTI = 61+64* f_id + PRA_id 
where PRA_id = the transmitted PRACH sequence index (0≤ PRA_id< 64). Note that t_id is not included in the above expression due to time domain repetition window which acts as a safeguard from the next UE’s RAR message.
So, if DCI is masked with sequence-specific RA-RNTI only intended UE(s) will be able to receive, and other un-intended UEs will not be able to decode the DCI format and subsequently will skip the associated PDSCH which will lead a significant power saving. Therefore, from power saving perspective at the UE, Option 1 is preferable.
Observation 2: If new MTC RA-RNTI is employed based on PRACH sequence index, from power saving perspective at the UE, Option 1 (EPDCCH CSS) is preferable for RAR messages in coverage enhanced mode.
Proposal 1: Consider a new MTC RA-RNTI derived from PRACH sequence index for UEs with enhanced coverage mode.
Proposal 2: Consider option 1 combined with Alt 1 and 2 for RA message 2 and 4 transmission,
· Alt1 for coverage enhanced mode and Alt2 for normal coverage mode.

If EPDCCH CSS is adapted for RA messages, time domain repetition will be necessary at least for enhanced coverage mode. In addition, the scheduled subband index in frequency domain should be included in the DCI format in order to achieve eNB scheduling flexibility. Hence, as shown on Figure 1 below, dynamic scheduling via eCSS for RA message 2/4 using cross-subframe scheduling should be supported for all MTC UEs.
Proposal 3: Cross-subframe scheduling is supported for RA message 2 and 4.
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Paging transmission
In the legacy LTE system, the paging message is variable as the number of multiplexed UEs are variable. However, for Rel-13 low complexity MTC UEs, same as RAR transmission discussed earlier, it is beneficial eNB to control the number of messages that can be multiplexed depending on coverage level (i.e. UEs in the same coverage level can only be multiplexed). Therefore, it is desirable to signal TBS in the DCI format using a common search space (eCSS). In addition, for PDSCH carrying paging message, it is beneficial that the subband index in frequency location should be selected dynamically from the available sub-bands by utilizing cross-subframe scheduling as shown Figure 2 below. This will increase scheduling flexibility at the eNB and also decrease the blocking probability of the paging messages. 

Proposal 4: Consider option 1 combined with Alt2 for paging transmission for UEs in the same coverage level.
Proposal 5: Cross-subframe scheduling is supported for Paging transmission.
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Conclusion
In this contribution, we have discussed the transmission of RAR messages and paging for LTE Rel-13 MTC and we have the following observations and proposals.

Observation 1: For normal coverage, multiple RAR messages can be multiplexed together under the eNB control, however, for enhanced coverage mode (e.g. 5dB, 10dB and 15dB), a single RAR message transmission should be supported. 
Observation 2: If new MTC RA-RNTI is employed based on PRACH sequence index, from power saving perspective at the UE, Option 1 (EPDCCH CSS) is preferable for RAR messages in coverage enhanced mode.
Proposal 1: Consider a new MTC RA-RNTI derived from PRACH sequence index for UEs with enhanced coverage mode.

Proposal 2: Consider option 1 combined with Alt 1 and 2 for RA message 2 and 4 transmission,
· Alt1 for coverage enhanced mode and Alt2 for normal coverage mode.

Proposal 3: Cross-subframe scheduling is supported for RA message 2, 4 and Paging transmission
Proposal 4: Consider option 1 combined with Alt2 for paging transmission for UEs in the same coverage level.
Proposal 5: Cross-subframe scheduling is supported for Paging transmission.
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Cross-subframe schedualing for RA message 2/4
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Cross-subframe schedualing for Paging

Retuning time

…

subframe x

PDCCH

eCSS

subframe y+1

PDCCH

…

PDCCH

Paging

(UE 4, 7, 8)

subframe y

Retuning time

…

Retuning time


