3GPP TSG RAN WG1 Meeting #81
R1-152963
Fukuoka, Japan, 25th – 29th May 2015

Source:               ZTE

Title:                    Discussion on RAR and Paging for MTC enhancement
Agenda item:      6.2.1.8
Document for:    Discussion and Decision

1 Introduction

In RAN1#80bis meeting, the following agreements on RAR/Paging are provided [1]:
· 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, further considerations on RAR and Paging are discussed from RAN1 perspective for Rel-13 low complexity UEs in both normal and enhanced coverage.
2 Transmission of RAR/Paging
Number of UEs in Paging/RAR message
For Alt 1, when fixed number of UE(s) equals to one, in the case that network intends to page multiple UEs or provide random access response to multiple UEs at the same time, using separate Paging/RAR messages for the above multiple UEs will be very inefficient. When fixed number of UE(s) are more than one, Alt 1 may not be applied to the situation in which network only intends to page single UE or provide random access response to single UE at the same time, or Alt 1 may cause larger paging or RA response delay because network would not transmit paging/RAR message until number of UEs to be paged/responded is satisfied. For Alt 3, when the actual payload is excessively small compared with fixed size for Paging/RAR message, much unnecessary control overhead will be caused. For Alt 2, maximum flexibility could be acquired and unnecessary control overhead could be avoided.
Proposal 1: The variable number of UEs in Paging/RAR message should be supported for Rel-13 low complexity UEs in normal and enhanced coverage.
Paging/RAR scheduling or transmission mechanism
Option 2 and Option 3 may be classified into transmission based on blind detection, and their difference is on the reception channel (i.e., M-PDCCH and PDSCH). In this case, blind detection complexity and scheduling restriction would be introduced. For Paging, blind detection complexity for Rel-13 low complexity UEs in normal and enhanced coverage mainly depends on the number of UEs multiplexed, paging type and the size of “ue-Identity” field. For RAR, Blind detection complexity for Rel-13 low complexity UEs in normal and enhanced coverage mainly depends on the number of UEs multiplexed and RAR detection window length. In the case of variable number of UEs, it is very hard to determine the range of TBS for RAR/Paging messages. For RAR, blind detection of each subframe within RAR detection window is not conducive to UE power consumption reduction. In addition, frequency location for RAR/Paging cannot be easily determined like MTC SIB(s) since these two common messages are not for all UEs in a cell. Compared with Option 2/3, Option 1 has better scheduling flexibility, but with additional overhead of M-PDCCH. Considering RAR/Paging is not transmitted very frequently, the additional overhead is not significant.
Proposal 2: RAR/Paging transmission scheduled by M-PDCCH should be supported for Rel-13 low complexity UEs in normal and enhanced coverage.
Cross-subframe scheduling via M-PDCCH was approved for unicast PDSCH transmission in normal coverage in RAN1 #80 meeting. If M-PDCCH is transmitted in subframe n and the cross-subframe scheduling interval is k, PDSCH will be transmitted in subframe n + k [3]. Considering principle of common design, it will be preferable that cross-subframe scheduling is also used for RAR/Paging transmission in normal coverage.
Proposal 3: Cross-subframe scheduling via M-PDCCH should be supported for RAR/Paging transmission in normal coverage.
Paging message for UEs in connected mode

In connected mode, UEs would receive Paging message to acquire the notification of SI changes, ETWS and CMAS (only for ETWS and/or CMAS capable UE). Since the notification information is no more than 3 bits, it is very power inefficient for UEs in enhanced coverage to receive Paging message and the associated M-PDCCH repeated in a number of subframes. Thus, some enchancement would be necessary for transmission of the notification information. For example, the notification information would be included in the DCI associated with Paging, or be transmitted in a new DCI.

Proposal 4: Enhancement would be necessary for transmission of the notification for SI changes, ETWS and CMAS. 

3 Further consideration on RAR

3.1 MAC RAR multiplexing scheme

Three MAC RAR multiplexing schemes for Rel-13 low complexity MTC UEs in enhanced coverage have been discussed in previous meetings:
Option 1: Single MAC RAR in one RAR;

Option 2: Multiple MAC RARs with same repetition level in one RAR;

Option 3: Multiple MAC RARs with multiple repetition levels in one RAR;

For Option 1, if BI (Back off Indicator) is required to transmit, eNB needs to configure it in RAR sub header for each Rel-13 low complexity MTC UE in enhanced coverage. In addition, dedicated DCI is needed for each RAR. The signaling overhead for Option 1 would be too high. Furthermore, considering that Turbo coding has better performance for larger TBS, Option 1 is not preferable due to the smaller TBS (about 56 bits).
Compared with Option 1, Turbo coding gain is larger for Option 2 and Option 3.  For Option 2, signaling overhead of BI would be significantly reduced. For Option 3, if Rel-13 low complexity MTC UEs in enhanced coverage with multiple repetition levels are multiplexed in one RAR, repetition times of M-PDCCH indicating the RAR scheduling and/or RAR payload transmitted in PUSCH should be determined according to the highest repetition level. For the UEs in lower repetition level, it may cause serious RAR resource waste. According to the analysis above, Option 2 is the preferable MAC RAR multiplexing scheme for Rel-13 low complexity MTC UEs in enhanced coverage.
Proposal 5: For Rel-13 low complexity MTC UEs in enhanced coverage, only MAC RARs with same repetition level are multiplexed in one RAR.
3.2 Discussion on contents for MAC RAR
Legacy RAR message structure can be reused for Rel-13 low complexity MTC UEs in enhanced coverage, but specific contents in MAC RAR need further consideration.
· Back off  Indicator (BI)
For legacy UE, BI is transmitted in “Back off Indicator sub header”. Considering the PRACH Preamble repetition, current BI value would be unsuitable for Rel-13 low complexity MTC UEs in enhanced coverage. Predefining Back off parameter values for each repetition level may be a simple method. Alternatively, the actual UE Back off time can be calculated based on the existing Bakeoff parameter values and the PRACH repetition times of the UE.
Proposal 6: RAN2 should consider redesign of Back off time for Rel-13 low complexity MTC UEs in enhanced coverage.
· UL Grant for Msg3 
Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” in MAC RAR may be no longer suitable for Rel-13 low complexity MTC UE in enhanced coverage considering bandwidth reduction to 1.4MHz. For example, when NRBUL equals to 6 and UL resource allocation granularity equals to 1 PRB, only b = ceiling{log2[NRBUL∙(NRBUL+1)/2]} = 5bits is needed to indicate the UL resource allocation in a given narrow band, and several  bits are needed to indicate position of the given narrow band. Thus, the total bits needed to indicate UL resource allocation for Msg3 may not equal to 10bits. Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)”  may need optimization for MTC UEs in enhanced coverage.
Considering the channel environment of Rel-13 low complexity MTC UEs in enhanced coverage, low modulation order and coding rate is preferable for UE’s data transmission. Current MCS indicator related IE “Truncated modulation and coding scheme (4 bits)” may need optimization for Rel-13 low complexity MTC UE in enhanced coverage.
Observation 1: Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” and Msg3 MCS indicator related IE“Truncated modulation and coding scheme (4 bits)” in MAC RAR may  be no longer suitable for Rel-13 low complexity MTC UE in enhanced coverage.
Proposal 7:  Scheduling optimization of Msg3 should be considered for Rel-13 low complexity MTC UEs in enhanced coverage.

During random access procedure, the repetition times of Msg3 can be indicated by PRACH repetition level of the Rel-13 low complexity MTC UE in enhanced coverage. Furthermore, if we want to exactly configure the repetition times of Msg3 for each UE, the repetition times of Msg3 can be indicated in MAC RAR.
Proposal 8: The repetition times of Msg3 can be indicated in MAC RAR for Rel-13 low complexity MTC UEs in enhanced coverage.
4 Further consideration on Paging
For coverage enhancement of Paging messages, as many subframes as possible should be used to reduce paging delay, i.e., subframe #0/4/5/9 may be used for FDD, and subframe #0/1/5/6 may be used for TDD. Besides, if eNB’s system information (e.g., MBSFN subframe configuration) could be acquired in time by Rel-13 low complexity UEs in enhanced coverage and idle state, other subframes except the above four subframes may also be used for Paging transmission, but the actual feasibility is FFS. The Paging Occasions (PO) for Paging transmission may be determined based on UE ID.
Similar to RAR messages, Paging messages may always be transmitted in the maximum coverage enhancement level or be separately transmitted by coverage enhancement levels for Rel-13 low complexity UEs in enhanced coverage. Considering resource utilizing efficiency, separately transmitting Paging messages by coverage enhancement levels would be preferable. In this case, the durations of POs corresponding to different coverage enhancement levels may be predefined or indicated in MTC SIB1.
Proposal 9: For FDD, subframe #0/4/5/9 should at least be used for Paging transmission for Rel-13 low complexity UEs in enhanced coverage.

Similar to PDSCH, hopping for Paging messages may also be considered. Different Paging messages may share common hopping interval, which may be predefined or indicated in MTC SIB1. Considering potential available subframes for Paging transmission, e.g., subframe #0/4/5/9 for FDD, hopping interval for Paging messages may be one or more frames. Besides, definition of new frame timing for Paging transmission could be considered to ensure sufficient retuning time for FDD, e.g., as shown in Figure 4.1, subframe #0 in the new Paging frame corresponds to subframe #4 in the existing frame, thus three subframes could be used for retuning operation when retuning happens at the frame boundaries.

[image: image1.emf]0

Frame

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Frame

0

Paging Frame

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9


Figure 4.1 New frame timing for Paging messages
Considering that same or overlapping set of narrow bands may be used for Paging message, and other broadcast/unicast data, identical hopping interval (e.g., multiple frames) may be considered to ensure resource alignment and resource use efficiency.

Proposal 10: If hopping for Paging messages is enabled, hopping internal may be one or more frames, and corresponding retuning moment is FFS for Rel-13 low complexity UEs in enhanced coverage.
5 Conclusions

In this contribution, further considerations on RAR and Paging are discussed from RAN1 perspective for Rel-13 low complexity UEs in both normal and enhanced coverage. We make the following observation and proposals:
Observation 1: Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” and Msg3 MCS indicator related IE“Truncated modulation and coding scheme (4 bits)” in MAC RAR may  be no longer suitable for Rel-13 low complexity MTC UE in enhanced coverage.
Proposal 1: The variable number of UEs in Paging/RAR message should be supported for Rel-13 low complexity UEs in normal and enhanced coverage.

Proposal 2: RAR/Paging transmission scheduled by M-PDCCH should be supported for Rel-13 low complexity UEs in normal and enhanced coverage.
Proposal 3: Cross-subframe scheduling via M-PDCCH should be supported for RAR/Paging transmission in normal coverage.
Proposal 4: Enhancement would be necessary for transmission of the notification for SI changes, ETWS and CMAS. 

Proposal 5: For Rel-13 low complexity MTC UEs in enhanced coverage, only MAC RARs with same repetition level are multiplexed in one RAR.
Proposal 6: RAN2 should consider redesign of Back off time for Rel-13 low complexity MTC UEs in enhanced coverage.
Proposal 7:  Scheduling optimization of Msg3 should be considered for Rel-13 low complexity MTC UEs in enhanced coverage.

Proposal 8: The repetition times of Msg3 can be indicated in MAC RAR for Rel-13 low complexity MTC UEs in enhanced coverage.
Proposal 9: For FDD, subframe #0/4/5/9 should at least be used for Paging transmission for Rel-13 low complexity UEs in enhanced coverage.

Proposal 10: If hopping for Paging messages is enabled, hopping internal may be one or more frames, and corresponding retuning moment is FFS for Rel-13 low complexity UEs in enhanced coverage.
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