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1 Introduction

In RAN1 #81 meeting, the following agreement was concluded for RAR scheduling [1]:
Agreements:
· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB

· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR

In this contribution, the contents and scheduling of RAR are discussed, and corresponding proposals are given.

2 The content of RAR
In current specification [2], the eNB’s response related to UE’s PRACH transmission is included in the MAC subheader and MAC RAR. As shown in the figure below, the MAC subheader indicates the random access preamble ID (RAPID) and backoff indicator, and the MAC RAR is of 56 bits, which includes timing advance command, UL grant (for Msg3 scheduling), temporary C-RNTI.


[image: image1.wmf]BI

E

R

Oct 

1

R

T

   
[image: image2.wmf]RAPID

E

T

Oct 

1



[image: image3.wmf]Timing Advance Command

Oct 

1

Timing Advance 

Command

UL Grant

UL Grant

Temporary C

-

RNTI

Temporary C

-

RNTI

UL Grant

Oct 

2

Oct 

3

Oct 

4

Oct 

5

Oct 

6

R


Figure 1: MAC subheader and MAC RAR
According to the simulation results of [3], even if one MAC PDU includes one MAC RAR, at 1% BLER at -4dB SNR, about 25 PRBs (corresponding to four time repetition in time domain) are needed, which is very challenge for system resource utilization especially in coverage enhancement scenario. Therefore, it is beneficial to make RAR payload as compact as possible to improve resource utilization efficiency and mitigate the impact of resource blocking to legacy UEs.

· RAPID: 6 bits

Considering coverage enhancement scenario, if RAR is scheduled by M-PDCCH, both M-PDCCH and PDSCH (carrying RAR) require massive repetitions. For a coverage enhanced MTC UE, even if it successfully decodes M-PDCCH and PDSCH with great difficulty, the UE finds the RAPID is not matched. Thus, it will significantly waste the power consumption of this UE. 

Therefore, indicating preamble information in advance may help to reduce UE’s power consumption on RAR detection, and the RAPID cannot be included in MAC subheader.
· Timing advance command: 11 bits

If the granularity of time advance command can be relaxed, the bits of this field can be reduced. For example, if the granularity of time advance command is relaxed from 16 Ts to 512 Ts, then 6 bits TA can be used.

· UL grant: 20 bits

 The current 20 bits UL grant for Msg3 scheduling includes the following fields [4]
:

- Hopping flag – 1 bit

- Fixed size resource block assignment – 10 bits

- Truncated modulation and coding scheme – 4 bits

- TPC command for scheduled PUSCH – 3 bits

- UL delay – 1 bit

- CSI request – 1 bit

Hopping flag: 1 bit Hopping flag field can be used to on/off Msg3 hopping. Further, to indicate Msg3 hopping configuration, 2 bits can be considered for hopping indication.

Resource allocation: If the narrowband of Msg3 transmission is implicitly determined by Tx-Rx frequency space or has the same narrowband of preamble transmission, no narrowband indication is needed. Otherwise, maximum 4 bits are needed to indicate the narrowband within 20MHz system bandwidth.

For the resource indication within the narrowband, it is preferred one PRB is used for Msg3 transmission to obtain PSD boosting gain. Therefore, 3 bits can be used to indicate the specific PRB allocation within the narrowband.

MCS: The bits for MCS indication can be reduced to save RAR overhead. Moreover, in coverage enhancement, if QPSK and one PRB can be assumed for Msg3 transmission, the MCS of Msg3 transmission can be implicitly derived from repetition number. 

TPC command for scheduled PUSCH: For Msg3 transmission in coverage enhancement, maximum transmission power can be assumed for PUSCH, so no TPC command is needed. For Msg3 transmission without coverage enhancement, 2 bits TPC field can be needed.

UL delay: No bit is needed to indicate UL delay in order to save RAR overhead

CSI request: No bit in RAR is needed in order to indicate CSI request to save RAR overhead

· Temporary C-RNTI: 16 bits

In current specification, temporary C-RNTI is used for the scrambling on Msg3, control channel scheduling Msg4 and Msg4. One RAR message may include multiple MAC RARs, and each MAC RAR corresponds to one series of MSg3, M-PDCCH of scheduling Msg4 and Msg4. The temporary C-RNTI can be transmitted in Msg4 to reduce the payload size of RAR message, which is beneficial to save UE’s power consumption on acquiring RAR. If temporary C-RNTI is not included in the RAR, the specification should specify new RNTI for scrambling Msg3, M-PDCCH of scheduling Msg4 and Msg4.

· Repetition level (number) of Msg3 transmission

The repetition level of Msg3 transmission can be determined by the repetition level of PRACH transmission or indicated by RAR. In fact, no further information except PRACH can be obtained for eNB in order to indicate more accurate repetition level information of Msg3. Therefore, determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR. The repetition number of Msg3 transmission can be known according to the repetition level of Msg3.

· M-PDCCH initialization configuration

As analyzed in our companied contribution [5], some M-PDCCH initialization configuration needs to be included in RAR. 
In summary, we have the following proposals on the consideration of RAR contents:

Proposal 1: The MAC RAR PDU should not include RAPID and temporary C-RNTI to reduce the packet size.

Proposal 2: Determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR.
3 Transmission of RAR
Three options were proposed for the RAR 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
For option 1, the TBS and resource allocation of RAR transmission can be flexibly indicated by the control channel. However, an MTC UE has to decode both M-PDCCH and PDSCH. As mentioned above, for an MTC UE operating coverage enhancement, it successfully decodes M-PDCCH and PDSCH with great difficulty, but finds the RAPID is not matched. Thus, the power consumption of this UE is significantly wasted. Therefore, the DCI can include preamble indication to avoid UE’s blind decoding (whether there has matched RAPID or not) on PDSCH in order to save UE’s power consumption.
Proposal 3: If option 1 is used for RAR transmission, in order to save UE’s power on PDSCH detection, the DCI should include the preamble indication.

For option 2, one DCI can directly convey a single RAR. Therefore, the procedure of RAR transmission can be simplified from two-steps to one step, which is beneficial to system resource utilization efficiency and save UE’s power consumption when the number of transmitted RARs in the system is not large. However, if the number of transmitted RARs in the system is large, it is better to packet several RARs into one RAR message to save CRC overhead and reduce the number of required narrowbands.

Considering the ratio of UEs in moderate/large coverage enhancement is usually small, and the power consumption is very large for UEs in moderate/large coverage enhancement. Thus, it is beneficial to apply option 2 especially in large coverage enhancement to save UE’s power consumption.

Proposal 4: Support option 2 (M-PDCCH DCI carrying the message) for RAR transmission especially in large coverage enhancement

For option 3, the TBS and resource allocation of RAR transmission may not be flexibly indicated. However, as shown in the figure below, if two-PDSCH structure is used for option 3, the first PDSCH can not only carry some MAC RAR but also indicate the TBS and resource allocation of second PDSCH transmission. When the packet of RAR message is small, the RAR message can only be transmitted in the first PDSCH, and no second PDSCH is needed. When the packet of RAR message is large, some MAC RARs are transmitted in the first PDSCH, and the remaining MAC RARs are transmitted in the second PDSCH. 

For option 3, it can always carry MAC RAR in the first PDSCH, so there has useful data information in the first PDSCH transmission. Moreover, for small packet RAR transmission, only the first PDSCH is needed, which is beneficial to UE’s detection and saving power consumption especially in enhanced coverage scenario. 

Besides, some UEs can obtain MAC RARs in the first PDSCH, so the power consumption for these UEs can be reduced correspondingly. Further, the eNB can prioritize the MAC RARs corresponding to UEs running out of battery into the first PDSCH to save UE’s power.
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Figure 2: Illustration of option 3 with two-PDSCH transmissions
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 RAR message and save UE’s power consumption, it is recommended to consider option 3 with two-PDSCH structure especially in small coverage enhancement.

Proposal 5: It is recommended to consider option 3 with two-PDSCH structure especially in small coverage enhancement.
4 Conclusions
In this contribution, the contents and scheduling of RAR are discussed, and the following proposals are given.

Proposal 1: The MAC RAR PDU should not include RAPID and temporary C-RNTI to reduce the packet size.

Proposal 2: Determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR.
Proposal 3: If option 1 is used for RAR transmission, in order to save UE’s power on PDSCH detection, the DCI should include the preamble indication.

Proposal 4: Support option 2 (M-PDCCH DCI carrying the message) for RAR transmission especially in large coverage enhancement

Proposal 5: It is recommended to consider option 3 with two-PDSCH structure especially in small coverage enhancement.
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