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1. Introduction
Up to now, it’s agreed that paging message and RAR are scheduled by CSS within M-PDCCH, and there are also many discussions about DCI format for paging/RAR, UL grant in RAR, and DCI format design in CE mode B. However, there is the limited time for discussing the detail format for DCI format in CE Mode B and design for carrying the SI change notification, which is coupled with the RAN2 system information design and RAN1 M-PDCCH DCI design. This paper gives some discussion on the details of DCI format design.
2. Discussion
Downlink PRB assignment in CE Mode B
In case of the simultaneous UL/DL transmission with the large repetitions, if all 6 PRBs in the narrowband are allocated for downlink data transmission/repetition, there will be no remaining downlink resource to transmit ACK/NACK carried by M-PDCCH corresponding to the PUSCH transmission. In this case, either the simultaneous UL/DL transmission has to be forbidden or the HARQ timing has to be changed with some uncertainties based on the availability of M-PDCCH resource. One solution could be that DL DCI for CE Mode B can allow less than 6 PRBs for downlink data transmission in order to reserve the certain resource for M-PDCCH carrying ACK/NACK for uplink transmission. Therefore, we may need to consider downlink PRB assignment with less than 6 PRBs to support simultaneous UL/DL transmission. Otherwise, it may require the support of asynchronous HARQ support for PUSCH transmission, which may require more bits in DCI for indication of HARQ process number.
Proposal 1: Consider less than 6 PRBs allocation for downlink data transmission in CE mode B to support simultaneous UL transmission with corresponding HARQ feedback resource for synchronous UL HARQ. 
ARO in CE Mode B

For large CE, the PUCCH resource collision between UEs and UE itself is more severe and complicated due to the multiple narrow bands for M-PDCCHs transmission, varying M-PDCCH repetitions and varying PDSCH repetitions in addition to varying PUCCH repetitions. In addition, partial PUCCH resource collision for partial repetitions may occur due to PUCCH repetitions or M-PDCCH repetitions. eNB scheduling may be able to avoid the collision, e.g. the starting ECCE won’t be allocated for another M-PDCCH with possible PUCCH resource collision. However, if the restricted M-PDCCH resource allocation is used to completely avoid the PUCCH resource collision, blocking rate of M-PDCCH will be seriously deteriorated. 
ARO may be used to alleviate the PUCCH resource collision. However, considering PUCCH resources of multiple UEs multiplexed within one PRB may prefer large offset to improve PUCCH detection performance in large CE, current ARO value (e.g. ‘-2’, ‘-1’, ‘0’, and ‘1’ for FDD) may not be suitable and sufficient. In addition, if PUCCH resource collision frequently happens during PUCCH repetitions, ARO may not be able to handle the PUCCH resource collision issue. Eventually, the explicit PUCCH resource configuration has to be applied, similarly to Rel12 PUCCH resource allocation with repetition. Therefore, the large range of ARO values may need redesign associated with the implicit PUCCH resource determination is for large CE. It may require the huge effort for the specification change, and it is not recommended especially in such short time line for Rel-13 eMTC. Furthermore, reusing ARO field may not achieve a very compact DCI design which is important to reduce UE power consumption in large CE.
One of the concerns for the explicit resource configuration is the signaling overhead. However, considering the limited number of UEs and scheduling flexibility in CE mode B, it shouldn’t be a big problem. It should be noticed that anyway the explicit resource configuration may need to be supported considering the potential collision with the implicit PUCCH determination (or the large ARO in DCI with the high fixed signaling overhead).  Therefore, it is recommended to support explicit PUCCH resource configuration and remove ARO field in DCI for CE mode B.
Proposal 2: No need of ARO field in DCI for CE Mode B.

Proposal 3: Support explicit PUCCH resource configuration for CE mode B. 
Paging for SI change notification
In 3GPP RAN2#91, there have been the following agreements for paging:

	Agreements
1
Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2
RAN2 assumption, for RAN1 to confirm: It is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) while avoid sending a paging record on the shared channel. 

5
The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling. 


In 3GPP RAN1#82bis meeting, the following agreement has been reached for paging related M-PDCCH based on RAN2 LS:

	· In each PO, an RRC idle UE monitors one DCI type

· The DCI include an indication (e.g. S_flag)

· An indication (e.g. S_flag) used in the DCI with P-RNTI for paging

· If S_flag=TRUE, the rest of DCI bits carries scheduling information of PDSCH for paging message

· If S_flag=FALSE, the rest of DCI bits carries system information update, ETWS, CMAS, and EAB without scheduling information of PDSCH


Then intension is that that system information change notification can be carried either by the M-PDCCH or M-PDCCH scheduled data channel while keeping a single DCI size for M-PDCCH, depending on whether there are paging records to be transmitted in PDSCH. 

In legacy systems, the 1 bit indication of SI change notification may mean the change for any one or multiple SI changes including MIB/SIB1/other SIs. Then, UEs have to receive all system information to check which SI updates, since UEs have no idea of which SI will update upon receiving SI change notification. To reduce power consumption, especially in large coverage extension level when hundreds of repetitions will be expected for data transmission, it’s preferred that UE can only monitor the updated SI message rather than decoding all SI messages for update checking. From this perspective, a bitmap indicating which SI (e.g., MIB, SIB1bis, SI_1, SI_2, etc) is to be changed will be necessary for SI change notification. 

Further, in RAN2 email discussion 91bis#16, a valuetag per SI in SIB1bis is mostly preferred for the efficient SI acquisition by exactly indicating which SI (SI-1, SI-2, etc) is changed. Following the same design principle, it makes sense to carry a bitmap to indicate which SI (MIB/SIB1bis/SI-1/SI-2, etc) is to be changed, to reduce UE power consumption. However, slightly different from the valuetag per SI, the change indication for MIB and SIB1bis should also be included in the bitmap of the paging message so that UE may not need to read MIB/SIB1bis, because it may be seldom changed for MIB/SIB1bis contents (excluding the change of valueTags for the other SIs in SIB1bis).

Observation 1: It is beneficial for UE to only acquire the updated SI.
Proposal 4: The same design principle for system information change notification should be applied for the approach via valuetag in SIB1bis and the approach via paging message. 
Proposal 5: Including a bitmap in the paging message to indicate which SI (e.g., MIB/SIB1bis/SI-1/etc) is changed.  
3. Conclusion
This paper discuses signal format for system information update notification and BI design for LC/CE UEs. Based on the analysis, some proposals are drawn:

Proposal 1: Consider less than 6 PRBs allocation for downlink data transmission in CE mode B to support simultaneous UL transmission with corresponding HARQ feedback resource for synchronous UL HARQ. 
Proposal 2: No need of ARO field in DCI for CE Mode B with support of explicit PUCCH resource configuration. 
Observation 1: It is beneficial for UE to only acquire the updated SI.
Proposal 3: Support explicit PUCCH resource configuration for CE mode B. 
Proposal 4: The same design principle for system information change notification should be applied for the approach via valuetag in SIB1bis and the approach via paging message. 
Proposal 5: Including a bitmap in the paging message to indicate which SI (e.g., MIB/SIB1bis/SI-1/etc) is changed.  








