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Discussion and decision
1 Introduction
RAN1 has made a working assumption that the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits [1], and has requested RAN2 to consider RAN2 aspects before confirming the working assumption. One of the main motivations for limiting the TBS size in RAN1 is reduce the number of repetitions required to support coverage enhancement. According to RAN1 study [2], the number of repetitions required for SIB in order to support coverage enhancement can be very large, e.g. for SNR of -14.3dB, 150 repetitions are required for SIB size of 328 bits (10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target). As a means to reduce the SIB size at least in enhanced coverage, RAN1 has also requested RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs [1].
In this contribution, we present our views on the impact of 1000-bit max TBS and SIBs for Rel-13 MTC.
2 Impact of 1000-bit maximum TBS on SIBs
The impact of 1000-bit maximum TBS was studied in Rel-12 with the following conclusions from RAN2#84:

If it is agreed to restrict BCCH transport block size to 1000 bit …
1
SIB1, 2, 3 and 4 are smaller than 1000 bit and therefore there is no issue regarding intra-frequency cell reselection. 
1a
Accepting a 1000 bit limit now might put future restrictions on the extendibility of these SIBs in the future! From RAN2 point of view it would be preferable to be able to extend existing SIBs to the current limit of ~2200 bit rather than restricting them to 1000 bit from now on. We will ask RAN1 what the impact would be to not restrict to 1000 bit. 
2
SIB5 can be larger than 1000 bit depending on the number of carriers (and e.g. black lists). If the NW broadcasts a SIB5 with more than 1000 bit, low cost UEs are not required to read SIB5 successfully and in this case the UE should rely on existing cell selection rather than cell reselection (should still perform intra-frequency cell reselection). 
3
The same applies to inter-RAT SIBs (SIB6, SIB7, SIB8…) if those grow beyond 1000 bit. 
4
Low cost UEs operating in normal coverage support inter-frequency and inter-RAT cell reselection in IDLE mode unless the NW decides to configure the respective SIBs with more than 1000 bit. In that case, the UE performs cell selection. 
4a
RAN2 understands that restricting SIB5 to 1000 bit would limit the number of inter-frequency carriers addressed in SIB5 to ~XXX. This might not be acceptable in many networks operating with more carriers or requiring configuration of black lists. 
4b
One solution would be to define a SIB5bis which contains only a subset of the inter-frequency information. However, this increases the overhead.
4c
RAN2 points out that cell selection has no guaranteed performance requirements, i.e., the performance depends on UE implementation. 
5
Extended coverage capable UEs are FFS…
On mobility, it was agreed in RAN2#84 that:
Agreements
0
As starting point RAN2 assumes to support all existing functionality. We will only remove or exclude functionality if it provides clear benefits to do so. 
CONNECTED Mode Mobility
1a
Enhanced coverage capable UEs as well as low complexity capable UEs support the existing connected mode mobility procedures. It is up to the NW whether or not to use it (like today). 
It was desirable from RAN2’s perspective to increase the max TBS from 1000 bits to 2216 bits and a reply LS was sent to RAN1 which resulted in the increase for Rel-12 Cat 0 UE. However, for Rel-13 MTC, coverage enhancement needs to be considered for Rel-13 low complexity UE, and due to the reduced bandwidth and 1 RX capability, it is apparent that the very large number of repetitions needed to support TBS greater than 1000 bits has become the primary concern for Rel-13 MTC. In order to keep the SIB signaling overhead in check, it seems beneficial for RAN2 to further investigate ways to limit the max TBS for SIBs to 1000 bits. In fact, the agreements made by RAN2 if BCCH TBS is limited to 1000 bits can be reconsidered for Rel-13 low complexity UEs (with extended coverage), in particular:
A. SIB1, 2, 3 and 4 are smaller than 1000 bit and therefore there is no issue regarding intra-frequency cell reselection. 
B. SIB5 can be larger than 1000 bit depending on the number of carriers (and e.g. black lists). If the NW broadcasts a SIB5 with more than 1000 bit, Rel-13 low complexity UEs are not required to read SIB5 successfully and in this case the UE should rely on existing cell selection rather than cell reselection (should still perform intra-frequency cell reselection). 
C. The same applies to inter-RAT SIBs (SIB6, SIB7, SIB8…) if those grow beyond 1000 bit. 

D. Rel-13 low complexity UEs support inter-frequency and inter-RAT cell reselection in IDLE mode unless the NW decides to configure the respective SIBs with more than 1000 bit. In that case, the UE performs cell selection. 

If the network does not support Rel-13 low complexity UEs but supports Rel-13 UEs capable of coverage enhancement, then it may still be possible to transmit with BCCH TBS > 1000 bits if the number of repetitions can be kept at a reasonable level. 
Proposal 1: The max TBS for broadcast for Rel-13 low complexity UEs is restricted to 1000 bits.

Proposal 2: If the network does not support Rel-13 low complexity UEs but supports Rel-13 UEs capable of coverage enhancement, then it may still be possible to transmit with BCCH TBS > 1000 bits if the number of repetitions can be kept at a reasonable level.
3 SIBs for Rel-13 MTC
RAN1 has recommended RAN2 to consider introducing “new SIB(s)” for Rel-13 low complexity UEs in normal and enhanced coverage. In our understanding, this means that Rel-13 MTC SIBs can be transmitted separately from the legacy SIBs, i.e. the Rel-13 MTC SIBs and legacy SIBs may not be the same. This is motivated by the need to keep the Rel-13 MTC SIB sizes small and the need to restrict SIB resource allocation in a subframe to only contiguous 6 PRBs for Rel-13 low complexity UEs (no distributed resource allocation is possible). In addition, Rel-13 MTC SIB may potentially not be scheduled using PDCCH/EPDCCH (still pending RAN1 decision). If Rel-13 MTC SIBs is transmitted separately, resource allocation flexibility for the normal SIBs needs not be affected by the introduction of Rel-13 MTC UEs.
Observation 1: There can be two sets of SIBs (SIB1, 2, 3, …) transmitted by the network, one for the Rel-13 low complexity UEs and another for the normal UEs (at least in normal coverage). 
Rel-13 MTC SIB sizes need to be minimized, e.g. through list size reduction for certain IEs (e.g. PLMN-IdentityList, SchedulingInfoList, IntraFreqneighCellList). In addition, there may be fields in normal SIBs that are not applicable for Rel-13 low complexity UEs, including some of the mandatory fields for normal SIBs, e.g. if PUCCH is not supported, then pucch-ConfigCommon in RadioResourceConfigCommonSIB of SIB2 can be eliminated for Rel-13 MTC. However, without further information from RAN1, it is premature to decide if a new MTC SIB IE will be needed.  
Observation 2: The contents of the two sets of SIBs for the same SIB type can be different. Rel-13 MTC SIB sizes can be minimized through list size reduction for certain IEs. FFS if some of the mandatory fields can be removed for Rel-13 MTC, which necessitate the need to introduce new Rel-13 MTC SIB IE(s).
Another consideration by RAN1 is that to deliver the same broadcast information block, it may be more beneficial, in terms of the number of repetitions, not to segment the broadcast information block into smaller transport blocks for transmission, provided the transport block can still be kept to 1000 bits. In particular, the total number of repetitions required is smaller to deliver a transport block of 1000 bits, instead of, say, two transport blocks of 500 bits each. With respect to this, such capability is already possible since multiple SIBs (except SIB1) can be mapped to same SI message.
Observation 3: Mapping of SIBs to SI messages can be different for Rel-13 MTC SIBs and the normal SIBs.

For MIB, RAN1 has agreed that repetition shall be introduced within the 40ms cycle. For SIBs, SI transmissions can be repeated within the corresponding SI-window today. To achieve the required coverage extension, a few possible approaches are as follows:

i) More repetitions within the SI-window and UE combines SI messages received within the SI-window

· This complies with existing SI repetition framework.

· The maximum SI-window length today is 40ms. Due to the very large number of repetitions required by RAN1, the SI-window length needs to be increased.
· To allow for flexible Rel-13 MTC SI overhead control, SI periodicity for Rel-13 MTC SI may not be the same as the normal SI periodicity. 
· To ensure all Rel-13 MTC SIBs can be accommodated within the SI modification period, a separate SI modification period for Rel-13 MTC SIBs is needed. 
ii)  UE combines SI messages across SI-windows 

· Combining SI messages across SI-windows is generally not allowed today because certain SIBs such as SIB1 and SIB14 can change across SI-windows. Furthermore, the network can in principle choose to change SI content without notifying UE. Therefore, this option is not in line with existing SI transmission principle.

· Combining a SI message across SI-windows can take a long time. UE will need to buffer the intermediate information bits during the long combining process. For Rel-13 low complexity UE with limited buffer space, this could result in very limited buffer space for other messages. 
We currently have preference for option (i). Hence, our proposal is as follows.
Proposal 3: Consider the following principle for Rel-13 MTC SIBs:

· More repetitions within the SI-window and UE combines SI messages received within the SI-window. The SI-window length needs to be increased to enable large number of repetitions. 

· To allow for flexible Rel-13 MTC SI overhead control, SI periodicity for Rel-13 MTC SI may not be the same as the normal SI periodicity.
· To ensure all Rel-13 MTC SIBs can be accommodated within the SI modification period, a separate SI modification period for Rel-13 MTC SIBs is needed.
4 SIB update for Rel-13 MTC

It is also realized that the legacy SIB update would not be re-used for Rel-13 low complexity UEs in enhanced coverage because the paging message indicating SI update might not be successfully decoded within the legacy modification period. In order to ensure the successful decoding of the paging messages repeatedly transmitted for the enhanced coverage, a longer separate modification period is also needed (MTC SI modification period). A few possible solutions are as follows:
i) Paging with MTC SI modification period
This solution is almost same as the legacy. The paging message is still used to indicate whether SI update happens or not. The paging message is addressed by P-RNTI delivered over MTC EPDCCH, or a new approach, i.e. PDCCH-less paging message can be introduced to reduce the transmission/reception burden. 
EPDCCH can be utilized instead of PDCCH because Rel-13 low complexity UE cannot read the legacy PDCCH due to the reduced bandwidth of 1.4 MHz and/or no support of the enhanced coverage. P-RNTI can be also included into the EPDCCH for Rel-13 MTC. On the other hand, to support the enhanced coverage, the MTC EPDCCH would be also repeated. It means that 

· it will take longer delay for identifying P-RNTI and
· Rel-13 low complexity UE has to consume its power proportionately with the long reception duration of EPDCCH.
Alternatively, PDCCH-less paging message can be considered. Assuming the paging messages for Rel-13 MTC will be transmitted with the pre-defined (or semi-scheduled) radio resources, Rel-13 low complexity UE need not monitor EPDCCH for paging reception purpose, and directly tries to receive the paging message. The details are FFS.
With the solutions, Rel-13 low complexity UE shall try to decode the paging message at least once every MTC modification period. If the paging message indicates SI update, the UE starts to obtain the updated SI at the next MTC modification period.
ii) Check Value Tag for every MTC SI modification period

This solution is to include a Value Tag in Rel-13 MTC SIB. It is very similar to IE systemInfoValueTag in legacy SIB1. With the solution, Rel-13 low complexity UE shall try to decode the new Value Tag at least once every MTC modification period. The Value Tag increases by one whenever SI update occurs. If the received Value Tag is different from the stored information, the UE starts to obtain the updated SI at the next MTC modification period.
The above two solutions are designed based on MTC modification period. These solutions might not be suitable to some of Rel-13 low complexity UEs. For example, the MTC devices used as (water/gas) meters would send their data to service provider once a month. It would be heavy burden to always update the latest SI to these kinds of devices. According to use cases, it could be desirable to apply separate SI update mechanism. For example,
iii) Check Value Tag only when accessing
With the solution, the modification period is not considered. Still, new Value Tag in Rel-13 MTC SIB can be utilized. But, Rel-13 low complexity UE need not check the Value Tag except for access. Whenever the UE accesses the cell, the UE shall check the Value Tag. If the received Value Tag is different from the stored information, the UE first obtains the updated SI before accessing.
Currently, we have no strong preference on the SI update enhancement, but we assume the first solution can be a baseline as a starting point of the discussion.
Proposal 4: RAN2 to discuss SI update enhancement with the following candidates:

· Paging with a longer separate modification period (MTC modification period)
· Check Value Tag for every MTC modification period

· Check Value Tag only when accessing

5 Conclusions

In this contribution, we presented our views on the impact of 1000-bit max TBS and SIBs for Rel-13 MTC. Our observations and proposals are summarized below.

Impact of 1000-bit max TBS
Proposal 1: The max TBS for broadcast for Rel-13 low complexity UEs is restricted to 1000 bits.
A. SIB1, 2, 3 and 4 are smaller than 1000 bit and therefore there is no issue regarding intra-frequency cell reselection. 
B. SIB5 can be larger than 1000 bit depending on the number of carriers (and e.g. black lists). If the NW broadcasts a SIB5 with more than 1000 bit, Rel-13 low complexity UEs are not required to read SIB5 successfully and in this case the UE should rely on existing cell selection rather than cell reselection (should still perform intra-frequency cell reselection). 
C. The same applies to inter-RAT SIBs (SIB6, SIB7, SIB8…) if those grow beyond 1000 bit. 

D. Rel-13 low complexity UEs support inter-frequency and inter-RAT cell reselection in IDLE mode unless the NW decides to configure the respective SIBs with more than 1000 bit. In that case, the UE performs cell selection. 
Proposal 2: If the network does not support Rel-13 low complexity UEs but supports Rel-13 UEs capable of coverage enhancement, then it may still be possible to transmit with BCCH TBS > 1000 bits if the number of repetitions can be kept at a reasonable level.
SIBs for Rel-13 MTC
Observation 1: There can be two sets of SIBs (SIB1, 2, 3, …) transmitted by the network, one for the Rel-13 low complexity UEs and another for the normal UEs (at least in normal coverage). 

Observation 2: The contents of the two sets of SIBs for the same SIB type can be different. Rel-13 MTC SIB sizes can be minimized through list size reduction for certain IEs. FFS if some of the mandatory fields can be removed for Rel-13 MTC, which necessitate the need to introduce new Rel-13 MTC SIB IE(s).
Observation 3: Mapping of SIBs to SI messages can be different for Rel-13 MTC SIBs and the normal SIBs.

Proposal 3: Consider the following principle for Rel-13 MTC SIBs:

· More repetitions within the SI-window and UE combines SI messages received within the SI-window. The SI-window length needs to be increased to enable large number of repetitions. 

· To allow for flexible Rel-13 MTC SI overhead control, SI periodicity for Rel-13 MTC SI may not be the same as the normal SI periodicity.

· To ensure all Rel-13 MTC SIBs can be accommodated within the SI modification period, a separate SI modification period for Rel-13 MTC SIBs is needed.
SI update for Rel-13 MTC
Proposal 4: RAN2 to discuss SI update enhancement with the following candidates:
· Paging with a longer separate modification period (MTC modification period)
· Check Value Tag for every MTC modification period

· Check Value Tag only when accessing

References
[1] R2-150006
LS on simultaneous reception requirements and SIBs for MTC UEs,
RAN1

[2] R2-150005
LS on Observations on SIB Performance for Rel-13 Low-Complexity UE,
RAN1

Page 1

