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1. Introduction
The email discussion [96#46][LTE/NB-IoT/feMTC] SC-PTM remaining issues [1], based on the agreements reached in RAN2#96 [2] (as referred in Annex 1). 

In this contribution, the remaining issues related to/out of the email discussion scope are discussed. 
2. Discussion 

2.1.  RAN level stop indication 
Discussion point 1 in [1] was that “Companies are invited to provide their views on how to indicate the RAN-level stop for SC-PTM service in NB-IoT and FeMTC.” As the rapporteur summarized, the visible alternatives to carry RAN level stop indication are DCI of SC-MCCH scheduling and MAC CE. 
Regarding DCI, it’s conceptually aligned with the 2-bit notification for on-going service which RAN2 agreed, i.e., “whether the configuration of the SC-MTCH will be changed in next MP” and “whether the new services are due to start in next MP” [2]. The 1-bit indication in DCI may be beneficial from the overhead point of view, but the 1-bit does need to be transmitted even when the indication is not necessary, i.e., the defined bit is in every PDCCH and every repetition. However, the drawback of this option is the potential impact to RAN1. 
Regarding MAC CE, it’s seen as the straightforward solution since there is already the similar MAC CE for MBSFN, i.e., (Extended) MCH Scheduling Information (MSI) [3]. The benefit of this option is flexibility from the perspective of scalability, e.g., no scheduling of MAC CE in SC-MTCH when unnecessary, ability of (future) extensions and so on.  However, the signalling overhead may be of concern, i.e., the byte-aligned MAC SDU and corresponding MAC sub-header. 
Observation 1 There are two visible alternatives for RAN level stop indication, 1-bit in DCI or MAC CE. 
Before deciding on how the stop indication should be provided, it’s worth discussing whether RAN level stop indication is provided only once or multiple times, wherein the 1-bit option seems to imply the “one-shot” indication (excluding the PDCCH/PDSCH repetitions for Enhanced Coverage) that is likely provided in the last SC-MTCH transmission(s).  However, it should be assumed that there is no guarantee the UE can receive any of the SC-MTCH transmissions including the last one with the stop indication, due to e.g., temporally bad radio conditions and/or the lack of feedback. If such a one-shot indication is assumed, the UE may continue to monitor SC-MTCH until the next SC-MCCH modification boundary (i.e., to remove the corresponding configuration from SC-MCCH), even though the SC-MTCH transmission has already ended. It can be a serious problem considering the SC-MCCH modification period is extended [3] and power consumption is critical for such UEs (i.e., FeMTC/eNB-IoT).  To avoid such an undesirable condition, the eNB may provide the repetition of RAN level stop indication. 

Observation 2 The UE, which cannot receive RAN level stop indication, will need to continue SC-MTCH monitoring, even if the SC-MTCH transmissions have already stopped. 
Proposal 1 RAN2 should discuss whether the repetition of RAN level stop indication is necessary. 
If Proposal 1 is acceptable, the three options could be considered for the repetition of RAN level stop indication as follows (refer to Figure 1); 

· Option 1: The number of PDCCH/PDSCH repetitions (for Enhanced Coverage) is increased only for SC-MTCH with RAN level stop indication; 
· This option reuses the existing repetition mechanism for Enhanced Coverage; that is the eNB increases number of PDCCH/PDSCH repetitions for SC-MTCH only when it includes RAN level stop indication. The benefit of this option is that no standard impact is expected, e.g., the maximum number of repetitions with relatively larger value can be configured in advance without further specification change. The drawback may be unnecessary repetition of payload and a sort term repetition. 
· Option 2: RAN level stop indication is repeatedly provided over several SC-MTCHs until it stops; 

· This option assumes RAN level stop indication is provided in multiple SC-MTCH occasions, e.g., (n-2), (n-1) and (n), whereby “n” means the last SC-MTCH transmission with the stop indication.  The benefit is that a better time-domain diversity gain is expected by means of relatively long term repetition. The drawback is the UE needs to know when the SC-MTCH actually stops, so some sort of “count-down” mechanism is necessary which may be similar to the existing “Stop MTCH” in MSI, whereby “Stop MTCH” was introduced for the other purpose, i.e., UE’s internal preparation for service continuity. 
· Option 3: RAN level stop indication is repeatedly provided after SC-MTCH stops. 

· This option assumes RAN level stop indication is provided even after the payload transmission ends, i.e., in the remaining SC-MTCH scheduling periods until the next SC-MCCH modification period.  The benefit is a good diversity gain similar to Option 2, and there is no need for the “count-down” mechanism. The drawback is the signalling overhead that may be increased due to the repetition of M/NPDCCH necessary for the RAN level stop indication. 
Based on the considerations above, Option 2 seems to provide the most effective way to improve the reliability of RAN level stop indication reception, while it may be left up to NW implementation which option is used in more than one option is allowed. In this sense, the MAC CE discussed in Observation 1 is slightly preferable since it could potentially cover all options above and even for the case when repetition of stop indication is not provided (refer to Figure 2). 
Proposal 2 RAN2 should agree to use MAC CE for RAN level stop indication. 
Proposal 3 RAN2 should discuss whether the “count-down” mechanism is necessary in RAN level stop indication, in order to allow repetition of RAN level stop indication. 
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Figure 1
 Options of repetition for RAN level stop indication with MAC CE
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Figure 2
 Example of SC-MTCH Scheduling Information MAC CE
 (“Stop SC-MTCH” is similar to Stop MCH in MSI MAC CE [3])
2.2. Ranking-based cell reselection 
2.2.1. Offset 
It was agreed that “For feMTC, for UE in enhanced coverage, an offset to SC-PTM cells in ranking based cell reselection is used if SC-PTM cell exists and UE is receiving or interested to receive an MBMS service” and “For NB-IoT, an offset to SC-PTM cells in ranking based cell reselection is used if SC-PTM cell exists and UE is receiving or interested to receive an MBMS service” [2]. In addition, it was discussed how the offset should be provided, in Discussion point 4 of [1]. But the value range of the offset has not been discussed. 
According to the email discussion before RAN2#96 [4], the rapporteur commented that “Option1 is a similar way and allows some flexibility to the network to configure the cell reselection criterion, such as a small offset to avoid that UE reselects the SC-PTM cell which has low RSRP regardless of other non-SC-PTM cells which has much higher RSRP.” However, it’s still unclear what is/how the “small offset” works. 
For example, if the UE is located in Enhanced Coverage on SC-PTM layer and also close to a cell on non-SC-PTM layer (as illustrated in Figure 3), the UE will likely reselect the cell on non-SC-PTM layer when the offset is not configured. Even if it’s configured, the question is how much offset would work for the intended result of cell reselection procedure, i.e., 5dB, 10dB or 20dB? Regardless of the value selected, it’s impossible to prevent all the UEs from reselecting a cell on non-SC-PTM layer under all scenarios, i.e., since it’s matter of probability where the UE is located and how the cells are configured.  Consequently, UEs that ends up reselecting a cell on the non-SC-PTM layer will need to establish RRC Connection to acquire the MBMS service of interest, i.e., via unicast, which is undesirable from the UE power consumption perspective and may potentially increase NW congestion due to massive number of MTC devices e.g., for IoT.  Although Figure 3 depicts the inter-frequency case for simplicity, the scenario is also applicable to the intra-frequency case wherein the condition becomes even more serious. 
So, the proponents of ranking-based cell reselection have to clarify the value range of the offset. 
Observation 3 It’s unclear how much of an offset needs to be defined. 
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Figure 3
 Scenario of Ranking-based cell reselection

In Rel-13 the UEs should be allowed to prioritize SC-PTM cells as much as possible, to bypass the ranking criteria set forth by the eNB since the reception of SC-PTM transmission was considered to be of higher priority.  But NB-IoT UEs don’t have the priority handling procedure [5]. 

As discussed in [1]

 REF _Ref473309402 \w \h 
[6], one of solutions could be considered to allow the configuration of (minus) infinity value as one of the offset values. With this configuration, it can be ensured that all UEs will be able reselect the cell on SC-PTM layer as long as a suitable cell exists, even if it’s an NB-IoT-UE. So, the operator can allow UEs to prioritize SC-PTM within the constraint of the ranking procedure. Therefore, at least the (minus) infinity value is worth introducing as a configuration option of the offset. 
Proposal 4 RAN2 should agree to have the configuration option with (minus) infinity, for the offset of ranking-based cell reselection. 
2.2.2. Cell reselection before RRC Connection Request 
In Rel-13, the ranking-based cell reselection was introduced even for intra-frequency case. It’s quite useful for unicast, since the UE that reselects a cell that offers normal coverage minimizes the resource consumption after transitioning to RRC Connected with e.g., link adaptation. It works as a “static” scenario. 
In Rel-14, it’s extended for SC-PTM with the offset, which improves/ensures the UE reselects a cell providing SC-PTM as much as possible. 
It could be considered as a “dynamic” scenario that the UE currently receiving SC-PTM from the cell which is not suitable for unicast, e.g., the UE is in Enhanced Coverage of this cell. When MT/MO call occurs, the UE would stop receiving SC-PTM and initiate RRC Connection Request, since SC-PTM is only supported in IDLE [7]

 REF _Ref472450159 \w \h 
[8].. 
It may be expected that the UE would have already reselected the best ranked cell for unicast if it’s no longer interested in SC-PTM, i.e., stop receiving SC-PTM. However, it should be considered how the UE should behave in case the UE decides to initiate Unicast service while SC-PTM is still ongoing, and while the UE is within the Enhanced Coverage. If the offset is still applied this may lead to the problem that the UE may end up initiating Unicast service on a less than optimum cell.  Therefore, preferably, the UE should perform the cell reselection without the offset just before RRC Connection Request (as illustrated in Figure 4).  However, in the “dynamic” scenario after the UE’s no longer interested in receiving SC-PTM, since the cell reselection is somewhat a slow process, e.g., in terms of measurements [9], the UE would not be expected to acquire the most suitable cell quickly. Considering MBMS in Enhanced Coverage is first discussed in Rel-14, RAN2 should discuss whether to specify the intended UE behaviour for reselection just before initiating RRC Connection Request.  Note that some UE implementation may perform such a fast re-evaluation assuming it only removes the offset. 
Proposal 5 RAN2 should discuss whether to define the UE behaviour for cell reselection immediately after it stops receiving SC-PTM but just before RRC Connection Request. 
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Figure 4
 Different best cells for SC-PTM reception or Unicast establishment

2.3. MBMS Interest Indication 
In Rel-14, SC-PTM reception is supported only in IDLE. It means that the UE in Connected needs to be released to IDLE, in order to receive MBMS service of interest via SC-PTM. However, the eNB doesn’t know whether the UE needs to prioritize SC-PTM over unicast. It may result in e.g., additional UE battery consumption and/or NW congestion, although it may be assumed the UE, especially in eNB-IoT, typically stays in Connected for a very short time. 
To make sure the optimal RRC state control for FeMTC/eNB-IoT, the existing MBMS Interest Indication could be reused, i.e., with mbms-Priority [11], which was intended for mobility control in the legacy releases. For example, the eNB may or may not decide to release RRC Connection when it receives the UE’s prioritization between SC-PTM and unicast. So, MBMS Interest Indication should be supported in FeMTC/eNB-IoT. 
Proposal 6 RAN2 should agree that MBMS Interest Indication is supported in FeMTC and eNB-IoT. 
If Proposal 6 is agreeable, it could be achieved with editorial extensions, i.e., to capture SIB15-NB and SIB20-NB into the existing procedural specification [11], as shown in Annex 2. 
2.4. M/NPDCCH configuration 

Currently, MPDCCH configuration is configured via dedicated signalling, i.e., as part of EPDCCH-Config [11] and NPDCCH configuration is also, i.e., NPDCCH-ConfigDedicated-NB [11]. However, it does not work since SC-PTM may be received only by UEs in RRC IDLE [7]

 REF _Ref472450159 \w \h 
[8]. So, these configurations need to be broadcasted for SC-PTM reception. 
As suggested in the current running CR of TS 36.331 [12] (along with the email discussion [96#45]), M/NPDCCH configuration should be broadcasted in SIB20 for SC-MCCH, and in SC-MCCH for SC-MTCH. 
Proposal 7 RAN2 should agree to introduce MPDCCH/NPDCCH configurations are provided in SIB20 and SC-MCCH, for reception of SC-MCCH and SC-MTCH respectively. 
3. Conclusion 
In this contribution, the remaining issues of FeMTC/eNB-IoT multicast enhancements are identified and the solutions for each issue are also discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
There are two visible alternatives for RAN level stop indication, 1-bit in DCI or MAC CE.
Observation 2
The UE, which cannot receive RAN level stop indication, will need to continue SC-MTCH monitoring, even if the SC-MTCH transmissions have already stopped.
Proposal 1
RAN2 should discuss whether the repetition of RAN level stop indication is necessary.
Proposal 2
RAN2 should agree to use MAC CE for RAN level stop indication.
Proposal 3
RAN2 should discuss whether the “count-down” mechanism is necessary in RAN level stop indication, in order to allow repetition of RAN level stop indication.
Observation 3
It’s unclear how much of an offset needs to be defined.
Proposal 4
RAN2 should agree to have the configuration option with (minus) infinity, for the offset of ranking-based cell reselection.
Proposal 5
RAN2 should discuss whether to define the UE behaviour for cell reselection immediately after it stops receiving SC-PTM but just before RRC Connection Request.
Proposal 6
RAN2 should agree that MBMS Interest Indication is supported in FeMTC and eNB-IoT.
Proposal 7
RAN2 should agree to introduce MPDCCH/NPDCCH configurations are provided in SIB20 and SC-MCCH, for reception of SC-MCCH and SC-MTCH respectively.
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5. Annex 1 
The agreements in RAN2#96 are summarized as follows [2]; 
Coverage Enhancement: 
	· R2 assumes that whether it is worth to attempt receiving an SC-PTM transmission can be up to UE implementation (up to RAN4). 
· The UE does not need to know the coverage of the SC-PTM transmission it is interested in explicitly (in addition to configuration parameters for SC-MCCH and SC-MTCH)


Configuration & Scheduling: 
	· Value ranges that are agreed at this meeting are considered to be the baseline.
· The exact extension values for repetition period for SC-MCCH in NB-IoT and feMTC can be extended to {rf512, rf1024, rf2048, rf4096, rf8192}.

· The exact extension values for modification period for SC-MCCH in NB-IoT and feMTC can be extended to {rf131072, rf262144, rf524288, rf1048576}.
· RAN2 does not introduce multiple SC-MCCH per cell. 
· Service continuity information as in rel-13 is applied for NB-IoT and FeMTC.
· RAN-level stop indication is supported for SC-PTM service in NB-IoT and FeMTC. Mechanism FFS.
· The legacy start condition of onDurationTimerSCPTM is reused for SC-MTCH in NB-IoT and FeMTC.

· FFS if The onDurationTimerSCPTM is stopped when a PDCCH indicates a DL transmission for NB-IoT and feMTC.
· The range of the onDurationTimerSCPTM is For FeMTC, {psf300, psf400, psf500, psf600, psf800, psf1000, psf1200, psf1600}, and For NB-IoT, {pp1, pp2, pp3, pp4, pp8, pp16, pp32, spare}, where pp is the NPDCCH period of search space of corresponding SC-MTCH
· The start / stop condition for the drx-InactivityTimerSCPTM in NB-IoT and FeMTC should be defined as: Start the drx-InactivityTimerSCPTM for the corresponding SC-MTCH in the subframe containing the last repetition of the corresponding PDSCH reception. Stop the drx-InactivityTimerSCPTM when the PDCCH indicates  a DL transmission.

· Assume that the legacy timers for DRX in SC-PTM are sufficient, and no additional timer is needed.


SC-MCCH change notification (For UEs interested in the new Session Start): 

	· For eNB-IoT and feMTC: Use 1 bit in the DCI in PDCCH for SC-MCCH scheduling, and SC-RNTI is used.


SC-MCCH change notification (For UEs with on-going service): 

	· For eNB-IoT and feMTC: Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· For eNB-IoT and feMTC: Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts. 

· We ask RAN1 if 2 bits is ok. If only 1 bit can be accommodated we use 1 bit. 


SC-MCCH transmission: 

	· As a starting point for dimensioning R2 assumes it is sufficient to support 64 simultaneous SC-MTCH for NB-IoT and 128 simultaneous SC-MTCH for feMTC. 

· SC-MCCH message segmentation should be supported for NB-IoT and FeMTC.
· Segmentation/concatenation of RLC UM mode is used for SC-MCCH message segmentation.
· For transmission of segments, a transmission scheme similar to that for LTE SC-MTCH DRX is used.
· We inform RAN1: Option 2 and option A listed in the Incoming LS are feasible and useful for cell resources efficiency/UE power consumption.


Mobility for SC-PTM: 
	· For feMTC, SC-PTM should be considered in reselection priorities handling for BL UEs for normal suitability criterion is met.

· For feMTC, Rel-13 mechanism of reselection priorities handling for SC-PTM should be reused for the above case.

· For feMTC, for UE in enhanced coverage, an offset to SC-PTM cells in ranking based cell reselection is used if SC-PTM cell exists and UE is receiving or interested to receive an MBMS service.
· For NB-IoT, an offset to SC-PTM cells in ranking based cell reselection is used if SC-PTM cell exists and UE is receiving or interested to receive an MBMS service.
· FFS how the UE acquires the offset. 
· Power boosting should not be considered in ranking.


6. Annex 2 
The example of changes to support MBMS Interest Indication in FeMTC/eNB-IoT could be considered as follows; 

	5.8.5
MBMS interest indication

5.8.5.1
General
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Figure 5.8.5.1-1: MBMS interest indication

The purpose of this procedure is to inform E-UTRAN that the UE is receiving or is interested to receive MBMS service(s) via an MRB or SC-MRB, and if so, to inform E-UTRAN about the priority of MBMS versus unicast reception.

5.8.5.2
Initiation

An MBMS or SC-PTM capable UE in RRC_CONNECTED may initiate the procedure in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception or upon change to a PCell broadcasting SystemInformationBlockType15.

Upon initiating the procedure, the UE shall:

1>
if SystemInformationBlockType15 or SystemInformationBlockType15-NB is broadcast by the PCell:

2>
ensure having a valid version of SystemInformationBlockType15 or SystemInformationBlockType15-NB for the PCell;

2>
if the UE did not transmit an MBMSInterestIndication message since last entering RRC_CONNECTED state; or

2>
if since the last time the UE transmitted an MBMSInterestIndication message, the UE connected to a PCell not broadcasting SystemInformationBlockType15:

3>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, is not empty:

4>
initiate transmission of the MBMSInterestIndication message in accordance with 5.8.5.4;

2>
else:

3>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, has changed since the last transmission of the MBMSInterestIndication message; or

3>
if the prioritisation of reception of all indicated MBMS frequencies compared to reception of any of the established unicast bearers has changed since the last transmission of the MBMSInterestIndication message:

4>
initiate transmission of the MBMSInterestIndication message in accordance with 5.8.5.4;

NOTE:
The UE may send an MBMSInterestIndication even when it is able to receive the MBMS services it is interested in i.e. to avoid that the network allocates a configuration inhibiting MBMS reception.
3>
else if SystemInformationBlockType20 or SystemInformationBlockType20-NB is broadcast by the PCell:

4>
if since the last time the UE transmitted an MBMSInterestIndication message, the UE connected to a PCell not broadcasting SystemInformationBlockType20 or SystemInformationBlockType20-NB; or

4>
if the set of MBMS services of interest determined in accordance with 5.8.5.3a is different from mbms-Services included in the last transmission of the MBMSInterestIndication message;

5>
initiate the transmission of the MBMSInterestIndication message in accordance with 5.8.5.4.
5.8.5.3
Determine MBMS frequencies of interest

The UE shall:

1>
consider a frequency to be part of the MBMS frequencies of interest if the following conditions are met:

2>
at least one MBMS session the UE is receiving or interested to receive via an MRB or SC-MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see 3GPP TS 36.300 [9] or 3GPP TS 26.346 [57].

2>
for at least one of these MBMS sessions SystemInformationBlockType15 acquired from the PCell includes for the concerned frequency one or more MBMS SAIs as indicated in the USD for this session; and

NOTE 2:
The UE considers a frequency to be part of the MBMS frequencies of interest even though E-UTRAN may (temporarily) not employ an MRB or SC-MRB for the concerned session. I.e. the UE does not verify if the session is indicated on (SC-)MCCH

NOTE 3:
The UE considers the frequencies of interest independently of any synchronization state, e.g. [9, Annex J.1]

2>
the UE is capable of simultaneously receiving MRBs and/or is capable of simultaneously receiving SC-MRBs on the set of MBMS frequencies of interest, regardless of whether a serving cell is configured on each of these frequencies or not; and
2>
the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the set of MBMS frequencies of interest;

NOTE 4:
Indicating a frequency implies that the UE supports SystemInformationBlockType13, or SystemInformationBlockType20 or SystemInformationBlockType20-NB acquisition for the concerned frequency i.e. the indication should be independent of whether a serving cell is configured on that frequency.

NOTE 5:
When evaluating which frequencies it can receive simultaneously, the UE does not take into account the serving frequencies that are currently configured i.e. it only considers MBMS frequencies it is interested to receive.

NOTE 6:
The set of MBMS frequencies of interest includes at most one frequency for a given physical frequency. The UE only considers a physical frequency to be part of the MBMS frequencies of interest if it supports at least one of the bands indicated for this physical frequency in SystemInformationBlockType1 (for serving frequency), or SystemInformationBlockType15 or SystemInformationBlockType15-NB (for neighbouring frequencies). In this case, E-UTRAN may assume the UE supports MBMS reception on any of the bands supported by the UE (i.e. according to supportedBandCombination).

5.8.5.3a
Determine MBMS services of interest

The UE shall:

1>
consider a MBMS service to be part of the MBMS services of interest if the following conditions are met:

2>
the UE is SC-PTM capable; and

2>
the UE is receiving or interested to receive this service via an SC-MRB; and

2>
one session of this service is ongoing or about to start; and

2>
one or more MBMS SAIs in the USD for this service is included in SystemInformationBlockType15 or SystemInformationBlockType15-NB acquired from the PCell for a frequency belonging to the set of MBMS frequencies of interest, determined according to 5.8.5.3.

5.8.5.4
Actions related to transmission of MBMSInterestIndication message

The UE shall set the contents of the MBMSInterestIndication message as follows:

1>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, is not empty:

2>
include mbms-FreqList and set it to include the MBMS frequencies of interest sorted by decreasing order of interest, using the EARFCN corresponding with freqBandIndicator included in SystemInformationBlockType1 (for serving frequency), if applicable, and the EARFCN(s) as included in SystemInformationBlockType15 or SystemInformationBlockType15-NB (for neighbouring frequencies);

NOTE 1:
The EARFCN included in mbms-FreqList is merely used to indicate a physical frequency the UE is interested to receive i.e. the UE may not support the band corresponding to the included EARFCN (but it does support at least one of the bands indicated in system information for the concerned physical frequency).

2>
include mbms-Priority if the UE prioritises reception of all indicated MBMS frequencies above reception of any of the unicast bearers;
2>
if SystemInformationBlockType20 or SystemInformationBlockType20-NB is broadcast by the PCell:

3>
include mbms-Services and set it to indicate the set of MBMS services of interest determined in accordance with 5.8.5.3a;
NOTE 2:
If the UE prioritises MBMS reception and unicast data cannot be supported because of congestion on the MBMS carrier(s), E-UTRAN may initiate release of unicast bearers. It is up to E-UTRAN implementation whether all bearers or only GBR bearers are released. E-UTRAN does not initiate re-establishment of the released unicast bearers upon alleviation of the congestion.

The UE shall submit the MBMSInterestIndication message to lower layers for transmission.
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