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Discussion

1
Summary

In the received LS from RAN2 [1], RAN1 is asked to study the impact and assess the feasibility of unicast transmission in MBSFN subframes.

In this contribution we discuss several system aspects that we deem relevant to deciding on the possibility of having such a unicast reuse mechanism for MBSFN-reserved subframes.
2
Background
R9 LTE only supports MBMS services through time-multiplexing on a carrier shared with unicast traffic by using the MBSFN-reserved subframe mechanism. Multiple MBMS services can be mapped to the same MCH. Each MCH will contain data belonging to only one MBSFN Area. An MBSFN Area can contain one or more MCHs. All MCHs have the same coverage area.
In principle, R9 eMBMS is intended to provide support for multiplexing several MBMS services onto a single MCH and therefore to allow for statistical multiplexing gain. Specifically, when multiple MBMS services with variable bit rate are to be supported and multiplexed together, the overall number of required semi-statically allocated system resources for all of them, i.e. the number of allocated MBSFN-reserved subframes required, converges towards the average needed for the services. This reduces the required amount of relative over-provisioning of those system resources compared to when these MBMS services are allocated individually.

One limitation with R9 eMBMS is that MBMS bearers do not support MBR>GBR [2]. This forces the network to choose overly conservative settings when allocating MBSFN-reserved subframes for eMBMS in order to comply with the configured GBR. Given the intrinsic throughput variations observed in streaming media and carried over MBMS, it is expected that a non-negligable number of unused MBSFN-reserved subframes per MCH scheduling interval will occur due to the required over-provisioning, resulting in semi-statically reserved MBSFN-subframes that are expected not to be actually used for MBMS transmissions [3]-[6].

It should be noted that SA2 may consider the need for supporting MBMS bearers with MBR>GBR for R10 [2].

3
Discussion
3.1.
Which R9 UE’s should support unicast reuse?

Two options exist for introducing support for unicast reuse of MBSFN-reserved subframes,

(1) Only R9 eMBMS-capable UE’s support unicast reuse

(2) All R9 UE’s, i.e. even UE’s not supporting R9 eMBMS, support unicast reuse

Note that support of unicast reuse by R9 UE’s means that R9 UE’s in RRC_CONNECTED can be scheduled PDSCH carrying unicast data.  While it is possible to allow for the option of transmitting PDSCH carrying BCH or PCH to R9 UE’s in either RRC_IDLE or in RRC_CONNECTED using re-claimed MBSFN subframes, this would entail a signficiant design delta for R9 UE’s compared to R8. The primary reason is that the existing R8 Paging mechanism and wake-up intervals are restricted to occur in non-MBSFN subframes only; removing this restriction for R9 UEs would add significant complication and is not recommended.

At first glance, Option 2, where all R9 UE’s are required to support unicast reuse, would appear to be the preferred approach. This option provides more flexibility and increases the number of available candidate UE’s for the eNB scheduler.  However, there are some limitations. 

Even if all R9 UE’s supported unicast reuse, a significant number of UE’s, such as UE’s operating in DL Semi-Persistent Mode, will not be available as candidate UE’s for the eNB scheduler to schedule unicast transmissions in re-claimed MBSFN subframes.

DL SPS assignments occur in the form of regularly occurring SPS transmission patterns that are a function of the subframe when the SPS assignment was initialized and the SPS Scheduling Interval.  Given that the specific occurrences of unicast MBSFN-subframes cannot be foreseen beyond a basic MCH scheduling interval, it will likely be  difficult to schedule SPS in the MBSFN subframes.  In addition, the HARQ process ID of an SPS re-transmission is determined as a function of the subframe number where the PDSCH was received, the SPS Scheduling Interval, and number of processes; finding a suitable re-claimed MBSFN subframe that fits all these constraints will also likely be difficult.

An additional consideration for Option 2 is whether it will be mandated that all R9 UE’s must support unicast in MBSFN-reserved subframes.  If it is not mandated, the number of available candidate UE’s that can be scheduled by the eNB will be further reduced.

Option 1, where only R9 eMBMS capable UE’s support unicast reuse, has the advantage that the information regarding which MBSFN-reserved subframes are unused in the MCH scheduling period is, to some extent, already available to eMBMS capable UE’s. Only minimal modifications on top of the existing eMBMS MAC/RRC baseline may be necessary to provide an indication mechanism for unciast MBSFN subframes.

Although not all the details of the R9 eMBMS baseline protocol have been decided yet, the eMBMS MAC protocol provides a dynamic indication as to which MBSFN subframes are used/unused in a MCH scheduling interval; this is done via the Dynamic Scheduling Information (DSI) MAC Control Element provided in each MCH scheduling interval.

Within the set of available MBSFN-reserved subframes indicated in the cell through SIB2, the transmission of a specific MCH will occur in a pattern of subframes, not necessarily adjacent in time, called the MCH Subframe Allocation Pattern (MSAP).
The new R9 MBMS SIB (e.g., SIB 12 or 13) specifies the MCCH scheduling information by indicating MCCH repetition and modification periods, and MBSFN subframes that can contain MCCH(s). The MCCH carries service availability information and service mapping to MTCH(s), as well as the actual MSAP configuration for the PMCH.
A Dynamic Scheduling Information (DSI) MAC control element (CE) is provided in the first subframe of each MCH scheduling interval (first subframe of each configured MSAP).  The DSI specifies which subframes in the scheduling period contain which MTCH. 

DSI has higher priority and is included before MCCH, when present in the same PDU. DSI is never segmented, and for an MSAP, either the UE gets all the scheduling information or none [8]. Although final details haven’t been decided yet in RAN2, the DSI MAC CE will likely contain something like a start and/or stop bit map allowing a UE to deduce which of the (P)MCH subframes are not actually used for MBMS [7][8].

It should be pointed out that DSI only pertains to a specific MCH, and that the eNB may not necessarily know which UE is currently monitoring a specific MBMS service. An eMBMS-capable UE would therefore need to read all DSI’s corresponding to all MCH’s in the MBMS Service Area to build the subframe map of candidate unicast MBSFN subframes, or some alternative solution is required [3]-[6].
In summary, when unicast reuse is restricted to R9 eMBMS capable UE’s only (Option 1), minimal protocol changes, compared to the existing baseline R9 eMBMS MAC/RRC, will be needed to indicate the unicast MBSFN subframes. The main protocol changes in the UE from introducing unicast support would be for the actual DL assignment mechanism itself.
If unicast reuse is to be supported by all R9 UE’s (Option 2), introducing unicast support requires protocol changes to handle the unicast subframe  indication mechanism itself and the DL assignment mechanism.
Proposal 1: RAN1 should decide if unicast reuse is supported by R9 eMBMS-capable UE’s, or by all R9 UE’s
3.2 Indication of unicast MBSFN-reserved subframes

The purpose of a unicast MBSFN subframe indication is to avoid the situation of a UE decoding every SIB2 allocated MBSFN-reserved subframe to check for unicast DL assignments. Continually decoding is clearly undesirable from a UE power consumption perspective; the UE would need to process the Control Region of every MBSFN subframe as well as receive and store parts of the PDSCH region. In addition, when the cell is configured to use Normal CP, the UE would need to decode every MBSFN subframe against both hyphotheses of MBSFN RS using Extended CP (PMCH) and RS with Normal CP (PDSCH). In the case that the cell is configured using Extended CP, the UE would need to decode against the two hyphotheses of MBSFN RS using Extended CP (PMCH) and RS with Extended CP (PDSCH).

Therefore, the unicast MBSFN subframe indication mechanism is needed to tell the UE which of the upcoming MBSFN subframes are available for unicast.

Proposal 2: If unicast reuse of MBSFN subframes is supported, a mechanism should be provided to indicate to UE’s which upcoming MBSFN subframes are to be decoded for unicast DL assignments.

How far in advance unicast MBSFN-reserved subframes can be indicated by the eNB, to a large extent, depends on the eNB scheduler design, but anything in the range from “this very same frame” to “next several frames” up to “several ten’s of frames worth of an MCH scheduling interval” is possible. The expected payload for the indication message will consequently vary with the amount of look-ahead the eNB can provide. For an indication that is provided once per frame, less than 6 bits may be required. For an indication for all MTCH’s of a portion of an MCH scheduling interval, less than 2 bytes per MTCH would be required (assuming the eMBMS DSI CE payload estimates constitute an upper bound).

Several design options exist,

(1) Indicate the unicast MBSFN subframe in the Control Region of the MBSFN subframe itself, e.g. using the reserved CFI codepoint on the PCFICH, or place a unicast indication into the unused REG’s beyond the last CCE of the PDCCH

(2) Indicate upcoming unicast MBSFN subframes through a DCI somewhere in a frame, e.g. using R8 reserved or padded bits in a DCI that most UE’s would frequently read anyway like Format 1A/C P-RNTI for PDSCH carrying PCH, or as the payload of a new “scheduling” DCI.

(3) Indicate upcoming unicast MBSFN subframes through a MAC “scheduling” CE carried as part of a PDSCH similar to R8 RAR, and indicated through a Format 1A/C using a new common RNTI.

Option (1) is likely to experience problems with respect to R8 legacy UE behaviour as far as PCFICH decoding is concerned. Also, it will not fundamentally address the issue of the UE decoding portions of the MBSFN subframe against both hyphotheses, i.e. MBSFN RS using Extended CP (PMCH) and RS using Normal CP (PDSCH) when the cell is configured to use Normal CP. Option (1) is therefore not recommended.

Option (2) is essentially piggybacking the unused MBSFN subframe indication into the payload of a DCI that the R9 UE is expected to decode regularly. For example, DCI Format 1A / P-RNTI has at least 3 bits reserved in R8 in the HARQ field. This would allow for indicating some upcoming unicast MBSFN subframes, but only for one up to three frames in advance as a function of the number of allocated MBSFN subframes per frame. The advantage is that no additional DCI needs to be sent in the Common Search Space of the PDCCH. Assuming that a R9 UE supporting unicast reuse of MBSFN subframes would typically need to decode such a DCI Format 1A / P-RNTI once every several frames, the only small penalty is that it will need to decode against the P-RNTI more frequently than it would for the purpose of monitoring PCH system information change notifications or ETWS notifications.

Option (3) is essentially sending the bitmap flagging which MBSFN reserved subframes are unicast as part of the PDSCH itself in the form of a MAC CE. From the point-of-view of available payload, this approach provides most flexibility to the eNB scheduler that can decide how often (“once every several frames”, “once every several ten’s of frames”) to send the scheduling message, and which can actually build this scheduling message from the MBMS DSI CE’s. This approach is extensible when considering that any future dynamic R10 scheduling information can also be placed into such a MAC scheduling CE if needed or desired. There is a limitation in terms of expected subframes where this MAC CE can occur; but it seems reasonable.  This approach, however, incurs the highest overhead because at least an entire RB is required to carry the PDSCH containing the “scheduling” MAC CE. The trade-off between flexibility and overhead may be acceptable if the unused MBSFN subframe indication mechanism is required only in intervals of once every several or several ten’s of frames at most. 

In summary, for the unicast MBSFN subframe indication, we recommend to consider the trade-off between using a R8 DCI on the PDCCH versus introduction of a new MAC scheduling CE.
Proposal 3: The indication mechanism for unicast MBSFN subframes should be realized either through a R8 DCI or through introduction of a MAC scheduling CE
3.3 DL assignments in unicast MBSFN-reserved subframes

Once the location of a unicast MBSFN subframe is known, there is no particular decoding penalty with respect to the actual DL assignment carried on the PDCCH. We simply recommend that the unicast MBSFN subframe uses the same configuration for CP and Number of Tx Antenna Ports as subframe #0.

Proposal 4: A unicast MBSFN-reserved subframe shall use the same configuration for CP and number of Tx Antenna Ports as subframe #0.
3
Conclusions and Recommendations
In this contribution, we have discussed several system aspects relevant to decide on the need for the unicast MBSFN subframe indication mechanism.

We believe the most important question to decide on, is whether it is desirable or beneficial to support unicast reuse only for R9 eMBMS UE’s or for all R9 UE’s.

In consequence, we propose the following,

Proposal 1: RAN1 should decide if unicast reuse is supported by R9 eMBMS-capable UE’s, or by all R9 UE’s
Proposal 2: If unicast reuse of MBSFN subframes is supported, a mechanism should be provided to indicate to UE’s which upcoming MBSFN subframes are to be decoded for unicast DL assignments.

Proposal 3: The indication mechanism for unicast MBSFN subframes should be realized either through a R8 DCI or through introduction of a MAC scheduling CE.
Proposal 4: A unicast MBSFN-reserved subframe uses the same configuration for CP and number of Tx Antenna Ports as subframe #0.
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