3GPP TSG RAN WG1 Meeting #82

R1-154564
Beijing, China, 24th – 28th August 2015
Agenda item:
7.2.1.7
Source:
InterDigital

Title:
Remaining Issues on Paging for MTC UE 
Document for:

Discussion/Decision
1
Introduction
In RAN1 #81, the following has been agreed for paging transmission for MTC UE [1]: 
Agreements:
· Options for RAR and Paging 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

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· 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, further details on paging for normal and enhanced coverage for MTC UEs will be discussed.

2
Remaining Issues
M-PDCCH search space and its associated PDSCH
It has been agreed as a working assumption that a compact DCI is used to schedule one or more paging records for low complexity UEs and UEs operating with coverage enhancements since it can significantly reduce UE battery consumption by minimizing UE active time during RRC IDLE considering that the monitoring compact DCI may require a smaller number of repetitions as compared with that a DCI carrying paging record(s). 

Since the PDSCH carrying paging record(s) is bandwidth limited to 6 PRBs, the number of paging records that can be multiplexed within a subband can be limited especially for the coverage limited UEs. Hence, it seems to be appropriate to use multiple subbands for paging transmission in order to reduce blocking probability of paging scheduling. Assuming that the multiple subbands are configured by a broadcast channel (e.g. SIB-x) for paging transmission, the frequency location of the M-PDCCH search space for a UE needs to determined based on UE-ID (e.g. IMSI) as UE-specific RRC signalling is not available. The figure 1 shows an example of using multiple subbands for paging transmission which allows multiplexing of UEs in a different frequency.
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Figure 1. An example of subband determination for M-PDCCH and its associated PDSCH.

Proposal-1: the frequency location of M-PDCCH search space for paging is determined based on UE-ID.
Although the subband for M-PDCCH search space may be determined based on UE-ID, the subband for the PDSCH carrying paging record(s) should be indicated from the associated DCI so that a scheduling flexibility of paging record(s) within a PO can be kept as much as possible. Also, the number of repetition for the PDSCH should be indicated from the associated DCI in order for an eNB to control the CE level dynamically when the eNB fails to page a UE with a certain CE level.  

Proposal-2: the frequency location and repetition number of the associated PDSCH is indicated from the DCI.
DCI contents
Given that a single paging record size may vary within the range of 25 to 61 bits [2], the compact DCI size smaller than 61 bits will provide benefit of reducing the required number of repetition.
As discussed, multiple subbands can be used for paging transmission for better scheduling flexibility and lower blocking probability. However, the number of subbands used for PDSCH scheduling may be limited to 2 or 4 subbands as it can provide enough flexibility already and the subset of subbands may be configured via a broadcast channel (e.g. MTC-SIB-x). Also, the number of repetition may be indicated with 2 bits which may indicate CE levels (e.g. CE level-0/1/2/3) and the required number of repetition for each CE level could be configured in the broadcast channel.
Proposal-3: a preconfigured subset of subbands is used for the PDSCH.
Proposal-4: the subband index for the PDSCH is indicated from the associated DCI.
Proposal-5: the CE level for the PDSCH is indicated from the associated DCI.
On the TBS, the maximum TBS for paging can be limited to support up to 4 paging records (i.e. 61 x 4 = 244) since a larger TBS may not be used with 6PRB based PDSCH transmission due to the coverage limitation.
Proposal-6: the maximum TBS used for paging record(s) is smaller than 1000bits

The following table 1 lists the DCI contents for paging record(s) scheduling based on the proposals made above as an example. From the table, the total DCI size without CRC could be around 7-9 bits which is much smaller than 61 bits. Even with 16-bit CRC which can be further reduced to 8, the compact DCI size is 1/3 of a single paging record. 
Table 1. an example of DCI contents for paging scheduling.
	Contents
	# of bits

	A subband index 

(i.e. frequency location of the associated PDSCH)
	1 or 2

	TBS

(e.g., {32, 40, 56, 72, …, 244} 
	4

	Number of repetition for the associated PDSCH
	2

	Note:

· A subband is defined as a contiguous 6 PRBs

· PDSCH carrying paging message is always allocated with 6 PRBs

· up to 4 paging messages (assuming each paging record size is 61, otherwise more than 4 paging message can be multiplexed) can be multiplexed in a single TB

· Modulation order is fixed to QPSK

· System information update indication could be transmitted in a separate DCI

· 4 CE levels including normal coverage can be indicated


Proposal-7: confirm the working assumption to use option-1 for one or more paging records transmission.
System Information Update

Paging is currently used to page a UE in RRC IDLE and/or to inform UEs in RRC IDLE and RRC CONNECTED about a system information change. Therefore an idle mode UE is required to monitor for paging messages or system information change notifications regularly in its paging occasion. If a UE receives a Paging message including the systemInfoModification (e.g. IE set to TRUE) it knows that the system information will change at the next modification period boundary and therefore it needs to reacquire the system information in the next BCCH modification period.

The UE determines/verifies whether a change has occurred in the SI messages by reading the systemInfoValueTag in SIB1 (e.g. upon return from out-of-coverage) or when receiving a system information change indication in the paging message. If no system information change has been received the UE may assume that no change of system information will occur at the next modification period boundary.  It has been agreed that the MTC SIBs are defined and transmitted separately from the legacy SIBs and may contain a subset of the information of the legacy SIBs. The MTC SIBs similar to legacy SIBs will be subject to modification and therefore the LC MTC UEs should be required to be reacquire the updated system information at the next MTC specific modification period.    
To be aware of the system information change MTC UEs may either rely on receiving a system information change from the network in a page or MTC SIB1. In order to page the UEs of all different coverage levels the network would need to page using the worst case CE repetition level in all paging occasions. This would result in a heavy use of available resources in the network. On the other hand, to avoid having to page the MTC UEs, the MTC UEs may be required to always receive MTC SIB1 in each BCCH modification period just to receive the value tag to check if the system information is updated. This however, would be highly inefficient from a power consumption point of view as the UE would need to re-aquire a potentially large MTC SIB1, requiring a large number of repetitions which may result in the increased UE active time and battery consumption. Therefore, the system information modification should be used and sent to the UE using paging mechanisms to indicate a change of system information for LC and enhanced coverage UEs.
Proposal-8: the paging is used for system info. update indication for both normal and enhanced coverage.
The indication bits for the system information modification has been transmitted within the paging message. Therefore, if a system information is changed the eNB should broadcast the system information update indication in all paging occasions, which may not be an issue for normal coverage case as no repetition is used for control and data channels. However, this may result in a significant resource waste for the enhanced coverage case since the M-PDCCH and the associated PDSCH carrying paging message need to be transmitted with a highest number of repetitions. Since only few bits are required to indicate the system information modification, it may be beneficial to indicate the system information modification in the associated DCI so that a UE in enhanced coverage may not need to receive the associated PDSCH to check system information update which may reduce the UE battery consumptions.

Proposal-9: one or more indication bits are transmitted in the associated DCI for system info. update.
3
Conclusion
In this contribution, we discussed on the remaining issues on paging for MTC UE. From the discussions, we propose followings:
Proposal-1: the frequency location of M-PDCCH search space for paging is determined based on UE-ID.
Proposal-2: the frequency location and repetition number of the associated PDSCH is indicated from the DCI.
Proposal-3: a preconfigured subset of subbands is used for the PDSCH.
Proposal-4: the subband index for the PDSCH is indicated from the associated DCI.
Proposal-5: the CE level for the PDSCH is indicated from the associated DCI.

Proposal-6: the maximum TBS used for paging record(s) is smaller than 1000bits.
Proposal-7: confirm the working assumption to use option-1 for one or more paging records transmission.
Proposal-8: the paging is used for system info. update indication for both normal and enhanced coverage.
Proposal-9: one or more indication bits are transmitted in the associated DCI for system info. update.
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