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1. Introduction
TSG-RAN#66 approved the new study item on support of single-cell point-to-multipoint (SC-PTM) transmission [1] and RAN2#89 started the initial discussion of the study [2]. As the outcomes of discussion, the two LSs were approved to send to the other WGs with regard to PHY layer assumptions and system architecture impacts [3]

 REF _Ref413782105 \w \h 
[4]. Therefore, RAN2 could focus on radio interface enhancements during waiting the LS responses, i.e., L2/L3 C-plane/U-plane aspects to support SC-PTM transmission. 
In this contribution, the possible radio interface enhancements are discussed and evaluated to support effective SC-PTM transmission. 
2. Discussion
2.1. Building blocks for enhanced radio interface 
RAN2#89 reached several agreements/conclusions as the result of the initial discussion on SC-PTM transmission. Some of the agreements related to DRX operations are as follows [2]; 
	=>
In the study we cover IDLE and Connected mode support



	Agreements
1 RAN2 assumes that SC-PTM reuses the eMBMS system architecture and acts as a complementary bearer type of eMBMS.



	LS to SA2 and RAN3
At RAN2#89, RAN2 discussed the newly approved Study Item “Support of Single-cell PTM transmission in LTE” (see RP-142205), which study provisioning of multicast via PDSCH on a per cell basis, as distinct from providing multicast via PMCH over the whole MBSFN area. The SC-PTM transmission is intended to rely on the existing MBMS nodes (i.e. BM-SC, MBMS-GW, and MCE) as well as the interfaces between these nodes.

[…]


According to the agreements, the UEs in both IDLE and CONNECTED mode need to receive SC-PTM transmission which is corresponding to an MBMS bearer and finally mapped to PDSCH. 
Observation 1 The UE in both IDLE and CONNECTED mode needs to receive SC-PTM transmission. 
Observation 2 SC-PTM transmission corresponding to an MBMS bearer is mapped to PDSCH. 
2.2. User plane aspects
In RAN2#89, some companies pointed out that RAN2 had previously agreed but eventually removed the outlines of SC-PTM transmission in Rel-8 discussions [5]

 REF _Ref414300105 \w \h 
[6]. We think the descriptions in TS36.300 V8.9.0 are still useful even if the use cases and assumptions may be different from Rel-8’s one, e.g., applications to group/critical communications. Especially, the following sentences can be reused as the baseline of SC-PTM transmission, from L2 U-plane perspective [7]; 
	15.3.2    Single-cell transmission

Single-cell transmission of MBMS is characterized by:

[…] 

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

[…] 

-
Multiple UEs can […], and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

[…]

For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:
[…]

3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol.


The MTCH was assumed to be mapped on DL-SCH after segmentation/concatenation in RLC, and the DL-SCH was identified by a group RNTI (G-RNTI) which was allocated to specific service (i.e., TMGI). Under the assumption, it may be useful to assign a single RLC to a specific TMGI, so one TMGI should be allocated to a specific LCID and a specific G-RNTI. In addition, similar to the existing MBMS, the RLC corresponding to SC-PTM should be only applicable to the UM mode. The handling of MAC (especially HARQ) will depend on the LS response with regard to PHY feedbacks, so the decision  should be kept as FFS. 
Observation 3 An MBMS service is allocated to an RLC UM entity with an LCID. 
Proposal 1 An MBMS service should be mapped to a DL-SCH with a specific G-RNTI. 
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Fig. 1
L2 structure with SC-PTM transmission (U-plane)
2.3. Control plane aspects 
2.3.1. Essential information 
Several companies suggested the information necessary for the reception of SC-PTM transmission in RAN#89 [5]
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[8]

 REF _Ref413786369 \w \h 
[9]
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[10]

 REF _Ref413918350 \w \h 
[11]

 REF _Ref413786371 \w \h 
[12]
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[13]
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[14]. Besides the details of contents, the possible information may be summarized as follows: 
· The mapping of TMGI (optionally session ID) to G-RNTI and LCID
· Scheduling information (e.g. time/frequency resource, MCS, modification/repetition period.)

· Change notification
With regard to the time/frequency resource and MCS scheduling information, since SC-PTM is mapped to PDSCH, PDCCH should provide the scheduling information associated with the allocated PDSCH resource. 
Proposal 2 PDCCH should provide the detailed information of resource allocation, such as time/frequency resource and MCS. 
On the other hand, the UE in DRX needs only occasions of SC-PTM (or corresponding L2/L3 control channel, e.g., MCCH), like MBSFN subframes.

Proposal 3 To realize the efficiency of DRX, RRC should provide the subframe occasions of SC-PTM transmission or a corresponding control channel. 
As a working assumption for mapping of the information to control channels, it should be considered whether each of the control information should be MBMS Area-specific or cell-specific. With MBMS, the control information is associated with the MBMS SCHEDULING INFORMATION [17], MCCH modification period, the mapping of TMGI to LCID, MBSFN subframe, MCS and so on. Considering SC-PTM is cell specific operation, the mapping of the TMGI to G-RNTI should be configured with cell specific value as a basic assumption while the TMGI mapping to the LCID should be applicable to all cells within an MBMS area since it is configured as part of the M2AP [17]. 
Proposal 4 The mapping of TMGI to LCID should be applicable to all cells within an MBMS Area (e.g., by the MCE). 
Proposal 5 The G-RNTI, scheduling information and change notification should be decided as cell-specific configurations by the serving cell. 
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Fig. 2
MBMS Area specific and cell specific configurations for SC-PTM
2.3.2. Possible mechanisms for delivering control information
Some companies have proposed mechanisms to provision the control signalling towards the UE, i.e., SIB-based, MCCH-based and/or dedicated signalling-based mechanisms [5]
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[14]. Additionally, it is also suggested in [16] that an SPS-based mechanism should be considered as a means to support DRX operation. In summary, these mechanisms are depicted in Figs. 3 and 4 and may be categorized into two general approaches: 
· Alt 1: One step approach; 

· Alt 1-1: With extended SIB13 or a new SIB; 

· With Alt 1-1, all necessary control information, except for the change notification, is provided by this SIB.  Using the information provided by this SIB the UE will be able to monitor the PDCCH associated with the SC-PTM subframes. Changes to the SIB may happen at BCCH modification period and may force the UE to acquire all system information even if the other system information does not change. 
· Alt 1-2: With dedicated signalling; 

· Alt 1-2 is similar in principle to Alt 1-1, but the information is provided by dedicated signalling.  With Alt 1-2 IDLE UEs will need to transition to CONNECTED to acquire the necessary configurations. In addition, this may mean that some form of interest indication from the UE will be needed in order for the serving cell to determine which UEs need to be configured. 
· Alt 2: Two steps approach; 

· Alt 2-1: With extended MCCH; 

· Alt 2-1 reuses the existing MCCH principles that the necessary information to acquire MCCH is provided by SIB and the UE attempts to receive SC-PTM based on the detailed configuration provisioned by MCCH. The complexity and standardization efforts may be increased compared to Alt 1-1. Note that MCCH for SC-PTM should be mapped to PDSCH to eliminate MBSFN subframe allocation for SC-PTM. 
· Alt 2-2: With a new GCCH (Group Control Channel); 

· Alt 2-2 is similar in principle to Alt 2-1 but uses a new GCCH to provide the information for SC-PTM reception. This alternative may have the greatest specification impact among all the alternatives. 
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Fig. 3
One step approach (Alt 1) and Two steps approach (Alt 2)


[image: image4.emf]HARQ HARQ

DL-SCH

on CC

1

...

Segm.

ARQ etc

Multiplexing UE

1

BCCHPCCH

Logical Channels

MAC

Radio Bearers

Security ...

CCCH

MCCH

Multiplexing

MTCH

m

MBMS Scheduling

PCH BCH MCH

RLC

PDCP

ROHC ...

...

Transport Channels

Segm. Segm.

...

DL-SCH

on CC

x

MTCH

n

Segm.

DTCH

Unicast/SC-PTMScheduling / Priority Handling

TMGI

m

TMGI

n

MCCHGCCH

Alt 1-xAlt 2-1Alt 2-2


Fig. 4
L2 structure with SC-PTM transmission (with C-plane alternatives)

2.3.3. Evaluation of control plane mechanism alternatives
The evaluation should take into account the conclusion in RAN2#89 that “We will evaluate the SC-PTM against the GCSE requirements (should also consider MCPTT requirements if available)” [2]. The GCSE study and MCPTT requirements are well summarized in [13] and it quotes the GCSE [19] could meet MCPTT requirements (KPI3 & KPI4b in [20]), which evaluated the scenario to use Unicast for group communications, therefore, for both transmitting and receiving UEs. On the other hand, in the SC-PTM study, it was agreed that “RAN2 assumes that SC-PTM reuses the eMBMS system architecture and acts as a complementary bearer type of eMBMS” [2] .  Furthermore, RAN2 should focus on receiving UE’s latency evaluation. With SC-PTM, the latency performance for both transmitting and receiving UEs should be comparable to that of the existing Unicast service in Rel-12 GCSE as measured by the metrics specified in section 5.2.1 of [19] and reproduced in part in the Annex below. 
Proposal 6 From transmitter UE perspective, SC-PTM should have the same latency performance as Unicast based on the results already evaluated in the GCSE study. 
Considering discussion above, Table 1 shows pros and cons of each alternative. 
Table 1
Comparison of control plane alternatives
	
	Alt 1-1: 
SIB13 or new SIB
	Alt 1-2: 
Dedicated signalling
	Alt 2-1: 
Extended MCCH
	Alt 2-2: 
GCCH

	New bearer setup latency (*1)
	BCCH modification period (



At least 64 radio frames as configured by modificationPeriodCoeff * defaultPagingCycle [18] 
	RRC Connection Establishment (for IDLE UEs) + RRC Connection Reconfiguration (for all UEs) (
35 subframes for IDLE UEs and 15 subframes for CONN UEs as processing delay [18]
Additional time must be allocated if an interest indication is needed. 
	MCCH modification period (




At least 512 radio frames as configured by mcch-ModificationPeriod [18] 
	GCCH modification period (



Can be newly defined 

	New UE joins late in on-going SC-PTM (*2)
	SI periodicity (

At least 8 radio frames as configured by si-Periodicity [18]
	RRC Connection Reconfiguration (
15 subframes as processing delay [18] 
Additional time must be allocated if an interest indication is needed. 
	MCCH repetition period ( 
At least 32 radio frames as configured by mcch-RepetitionPeriod [18] 
	GCCH repetition period ( 
Can be newly defined

	NW and UE complexity
	One step (
	One step (
If an interest indication is needed, two steps (
	Two steps (
	Two steps (

	Backward compatibility 
	Should be considered (
	No need (
	Should be considered (
	No need (

	UE battery consumption
	Low (
	High (
Due to UE transmissions. 
	Mid or low (
	Mid or low(


(*1) The latency from SC-PTM transmission changes (e.g., an MBMS service starts) to the UE starts receiving SC-PTM. 
(*2) The latency from the time UE is interested in the MBMS service to the time UE starts receiving the service over SC-PTM. 
With regard to latency performances, all alternatives are feasible and have similar or even better performance compared to Unicast or MBMS under Rel-12 GCSE.  From the complexity perspective for control information acquisition, Alt 1-x is simpler and works seamlessly for IDLE UEs, but for Alt 1-2 with dedicated signalling further discussion is needed to determine if some sort of Interest Indication is needed. Alt 2-x is similar to Rel-12 GCSE with MBMS so it could potentially work well with UEs that also need to support the existing MBMS.  As for backward compatibility, there are no impacts with either Alt 1-2 or Alt 2-2, and these alternatives are more flexible and have reduced latency impacts, although specification impact will increase.  Regarding UE power consumption, Alt 1-2 with dedicated signalling has the greatest impact to UE power consumption due to the need for the transmission of interest indication.  
Although each alternative has its pros and cons, we prefer Alt 2-2 with GCCH to optimize UE battery consumption and it could potentially support faster bearer setup without backward compatibility issues as compared to Alt 2-1. Alt 1-2 with dedicated signalling should be FFS since it may be useful for some scenarios, e.g., mobility.  Alt 1-1 may also be considered, but it cannot support fast bearer setup due to the restriction with the BCCH modification period. 
Proposal 7 The new GCCH should be defined and it provides the UEs of necessary information to receive SC-PTM transmission. 
2.3.4. Proposed procedure with GCCH (Alt 2-2)
Fig. 5 describes a signalling procedure with GCCH. The descriptions of each step are provided as follows; 
Step 1
An MBMS service is decided to be provided over SC-PTM. Which entity should decide on SC-PTM is currently pending decision from RAN3/SA2. 
Step 2
The eNB allocates a G-RNTI to the TMGI corresponding to the MBMS service. 

Step 3
SIB13 or a new SIB provides configurations related to GCCH reception. This SIB provides “TMGIs currently provided over SC-PTM” which triggers the UE interested in the TMGI to acquire GCCH.  TMGI is also used by the UE much like the MBMS SAI listed in SIB15 for MBSFN whereby the information may be used for service continuity in the mobility scenario [21].
SIB13 or the new SIB will also include the GCCH occasions containing the subframes scheduled for GCCH, as well as the GCCH repetition period and the modification period. Once the UE acquires GCCH it may be no longer required to monitor GCCH during the modification period, which allows the UE to reduce power consumption. 
Step 4
The eNB performs scheduling of GCCH according to GCCH modification period and repetition period
Step 5
Within the GCCH occasion, the eNB transmits PDCCH scrambled with GCCH-RNTI which is predefined and common value for all UEs, similar to P-RNTI. The PDCCH indicates the RBs allocated within PDSCH. 

Step 6
The eNB transmits within PDSCH GCCH contents within the same subframe. 
The GCCH includes the mappings of TMGIs to G-RNTIs, which allows the UE to determine which G-RNTI is allocated to the TMGI of interest. Additionally, the mappings of TMGIs to LCIDs are also included.
The GCCH also includes the SC-PTM occasions which indicate the subframes scheduled for SC-PTM transmission, similar to MBSFN subframe configuration. By providing the SC-PTM occasions, the UE will not need to monitor all subframes in case the UE is only interested in SC-PTM transmissions.
Step 7
The UE may not be required to monitor SIB13 or the new SIB once it acquires GCCH, unless SIB update is performed.  The UE is only required to monitor GCCH once within each GCCH modification period, similar to MCCH. This allows the UE to reduce power consumption. 
Step 8
The eNB performs scheduling of SC-PTM. 

Step 9
Within the SC-PTM occasion, the eNB transmits PDCCH scrambled with a G-RNTI corresponding to a specific TMGI. Note that it’s up to the eNB whether the SC-PTM resource is actually allocated, and it’s indicated by corresponding PDCCH availability as it is today. 
Step 10
The eNB transmits PDSCH conveying SC-PTM corresponding to the TMGI. 
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Fig. 5
Control plane procedure with GCCH 
Proposal 8 The above GCCH procedure and steps should be captured in TR36.890. 
3. Conclusion 
In this paper, the outline of L2 structure for SC-PTM user plane is discussed according to current agreements and conclusions. For the control plane, the necessary information and mechanisms are summarized based on the existing proposals and evaluated. In addition, the detailed signalling procedure is provided as a baseline for this study.   RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
The UE in both IDLE and CONNECTED mode needs to receive SC-PTM transmission.
Observation 2
SC-PTM transmission corresponding to an MBMS bearer is mapped to PDSCH.
Observation 3
An MBMS service is allocated to an RLC UM entity with an LCID.
Proposal 1
An MBMS service should be mapped to a DL-SCH with a specific G-RNTI.
Proposal 2
PDCCH should provide the detailed information of resource allocation, such as time/frequency resource and MCS.
Proposal 3
To realize the efficiency of DRX, RRC should provide the subframe occasions of SC-PTM transmission or a corresponding control channel.
Proposal 4
The mapping of TMGI to LCID should be applicable to all cells within an MBMS Area (e.g., by the MCE).
Proposal 5
The G-RNTI, scheduling information and change notification should be decided as cell-specific configurations by the serving cell.
Proposal 6
From transmitter UE perspective, SC-PTM should have the same latency performance as Unicast based on the results already evaluated in the GCSE study.
Proposal 7
The new GCCH should be defined and it provides the UEs of necessary information to receive SC-PTM transmission.
Proposal 8
The above GCCH procedure and steps should be captured in TR36.890.
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5. Annex

The following table is quoted from [19]. The SC-PTM should fulfil at most 275 – 525 [ms] of the latency between the UE is interested in an MBMS service and the UE starts receiving the MBMS service. 
	5.2.1.1.2
Time for joining an ongoing group communication

[…]
Table 5.2.1.1.2-1 Time for joining an ongoing group communication estimation 
when using MRB for media delivery
(The values indicate average delays and the value in parenthesis indicates worst case delay.)

Time [ms]

comments

Acquisition of MCCH configuration in SIB13 

10

Processing delay at the UE

Average delay due to MCCH scheduling period

160 (320)

For MCCH Repetition period of 320ms. 

Acquisition of MCCH and MTCH configuration for TMGI 

10 

Processing delay at the UE

Average time required if acquisition of multiple MCCHs is required.

50 (100)

Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

Average delay due to MCH scheduling period

40 (80)

80ms of mch-SchedulingPeriod 

Acquisition of MSI for the corresponding service

5

L1 and L2 processing at the UE

Total time 

275 (525) 

or

45 (85) if the 

UE has up to date  MCCH content

The value shows the average time for joining an ongoing group communication. 

[…]
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