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Introduction

In RAN1#80, there were some discussions related to simultaneous reception of broadcast and unicast transmission, and the following was concluded. 

Conclusions:
· Identify scenarios for potentially colliding TBs for the cases of in the same narrowband and in separate narrowbands for
· broadcast traffic
· between unicast and broadcast
· RAN1 finds the following as alternatives:
· Alt 1: Define priority/priorities among collided messages
· Alt 2: It is up to UE implementation to handle colliding TBs 
· Alt 3: It is up to eNB to avoid any colliding TBs, possibly with UE assistance
 
This contribution discusses further details related to simultaneous reception among different channels. 
Discussion
As discussed in our companion contribution [1], it is generally expected that broadcast transmission and unicast transmission may be transmitted in different frequency region (M-region). With limited UE capability, if they are transmitted in different M-regions, a UE cannot monitor both at the same time, and it was agreed that a UE is not required to monitor multiple transport blocks for broadcast and unicast transmission in the same subframe. The remaining issues are as the followings. 
· Simultaneous reception of transport block for broadcast transmission and control channel for unicast in a subframe
· Simultaneous reception of control channel for broadcast data and control/data channel for unicast in a subframe
· Simultaneous reception of multiple transport blocks for broadcast and unicast in a bundle 
· Simultaneous reception of control/data of broadcast and control/data of another broadcast channel in a bundle window
· Simultaneous reception of control/data of broadcast and control/data of unicast in a bundle window
· Simultaneous reception of control/data of unicast transmission in a bundle window
Here, a bundle window refers duration between the repetition of one channel starts and ends. For example, if a unicast PDSCH repeats 100 times over 250msec (considering MBSFN subframes, and so on, it may take longer time to complete the desired repetition) a bundle window refers duration of 250msec. 

Some examples of collision in the same or different subband are shown in Figure 1.
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[bookmark: _Ref416276118]Figure 1. Collision examples between broadcast and unicast

Given that a UE is not capable of monitoring more than one M-region at one time, collision cases include both cases where the same resource collide between two channels or different resource collide between two channels at the same subframe. It is however noted that the network may not know whether the collision has been occurred or not completely unless explicit TDM is used between broadcast and unicast transmission for both control and data channels or between broadcast transmissions. However, disjoint TDM can become very inefficient and may not be feasible. For example, in TDD, with limited downlink subframes and MBSFN subframes, if some subframes are reserved for broadcast transmissions, there would be no sufficient subframes left for unicast repetition. Also, this could be very inefficient in terms of resource utilization if there are many MTC UEs and very limited number of legacy UEs. Thus, disjoint time allocation between broadcast and unicast and between broadcast channels cannot be easily assumed. Also, indication of a set of intended subframes where the UE is going to monitor broadcast channels would not be easily possible. For example, collision avoidance via UE assistance between RAR and unicast transmission or RAR and other broadcast channel is not easy in case PRACH has been triggered. Thus, Alt 3 alone may not be sufficient to handle the collision issues. 

Between Alt 1 and Alt 2, we consider that some priority rule can be beneficial. There are possibly following use cases where priority can be beneficial. 

· RAR and unicast or SIB reception: as UE can transmit PRACH for SR purpose, RAR transmission and unicast or SIB transmission can overlap in a bundle window of RAR or unicast or SIB transmission. As failure of reception of RAR leads another PRACH transmission and reception of SIB can be waited, it is desirable to consider higher priority on RAR in this case. 
· SIB monitoring and unicast reception: since unicast is already scheduled where the network assumed that uncast reception is not affected by SIB (even with SIB update), it could be natural to assume that unicast reception has higher priority over SIB monitoring. 
· Paging and unicast reception:  when a UE is in RRC_CONNECTED mode, it will monitor paging mainly to acquire SI update indication. It can be however very resource inefficient and power inefficient to utilize paging for SI update for connected mode UEs, thus, some enhancement on SI update would be necessary such that paging may not need to be monitored when a UE is in RRC_CONNECTED mode. 
For all cases, unicast reception may include both control and data channel. In case control for one channel and data for the other channel transmitted simultaneously in the same subband, a UE may support simultaneous reception of control and data at the same subframe. However, this may complicate the overall UE processing, thus, further investigation on performance gain and complexity would be necessary. 

Proposal 1: Priority rule can be defined to handle overlap issue. We propose to consider RAR > unicast > SIB. 

Proposal 2: Consider SI update enhancement to eliminate the necessity of paging monitoring in RRC_CONNECTED mode.

Proposal 3: Unless significant gains are shown, it is assumed that a UE in coverage enhancement mode is not required to receive control channel for one transport block and another transport block at the same subframe. 

Another issue is whether a UE is expected to receive more than one transport blocks in a bundle window. For example, if a UE supports more than one HARQ processes, it is desirable to consider the possibility of utilizing multiple HARQ processes simultaneously. If a UE needs to wait the entire bundle window for one transport block to receive another one with different HARQ process ID, depending on HARQ-ACK timing and the number of repetitions used for PUCCH, the number of possible parallel HARQ processes can be limited. Thus, some design to effectively utilize multiple HARQ processes can be considered. One example is to allow interlaced repetition between transport blocks with different HARQ process IDs to improve the number of parallel HARQ processes. 
Overlap in Case 1
As mentioned in our companion contribution [1], we consider that frequency hopping can be used for both unicast and broadcast transmission where a cell-common hopping pattern can be used for subband switching. It is also proposed that a UE is configured with a virtual subband index where the UE can expect that unicast control/data can be transmitted. For broadcast, separate virtual subband can be assigned where unicast subband may or may not overlap with subband(s) used for broadcast. In case, the resources overlap each other, in terms of available downlink subframes where a UE can expect unicast transmission needs to be clarified as a UE may not monitor broadcast data any time. In other words, a UE may not know whether broadcast has been scheduled or not. Particularly, if a UE shares the same M-region with RAR transmission, the UE does not know the occurrence of RAR transmission to other UEs. Generally, it is thus difficult to assume which subframes can be usable for unicast transmission. To mitigate this issue, it is desirable to consider network assistance to indicate the set of subframes usable for unicast repetition. This can be applicable to both control and data repetition. 

Proposal 4: Indication of a set of subframes usable for unicast repetition is considered at least in case broadcast and unicast can occur in the same subband. 

If this is used, in case of same subband, a UE may not expect to receive unicast transmission in subframes where potentially broadcast transmission can occur as shown in Figure 2.
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[bookmark: _Ref416281689]Figure 2. Unicast and broadcast TDM in the same subband

Since this may reduce the number of available subframes usable for repetition, it can increase the overall latency of data reception. Thus, it is preferred that separate subbands (M-regions) are configured for unicast and broadcast transmission. 
Overlap in Case 2
In case different subbands are used for unicast and broadcast, the collision between two channels occur only when a UE needs to read broadcast transmission for example SIB and RAR. As discussed earlier, we propose to consider priority in those cases, and UE monitoring behaviour in such cases can be as shown in Figure 3. Based on the priority, a UE can switch subband to monitor higher priority channel(s). In this case, gap for frequency hopping also needs to be considered. As this may degrade the performance of unicast transmission, the network may avoid scheduling of unicast transmission while updating SIB(s). 
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[bookmark: _Ref416282007]Figure 3. Collision handling in Case 2
Conclusions
This contribution discusses and proposes the followings:
· Simultaneous reception of transport block for broadcast transmission and control channel for unicast in a subframe: not supported
· Simultaneous reception of control channel for broadcast data and control/data channel for unicast in a subframe: not supported
· Simultaneous reception of multiple transport blocks for broadcast and unicast in a bundle: could be supported
· Simultaneous reception of control/data of broadcast and control/data of another broadcast channel in a bundle window: could be supported
· Simultaneous reception of control/data of broadcast and control/data of unicast in a bundle window: could be supported
· Simultaneous reception of control/data of unicast transmissions in a bundle window: could be supported

Proposal 1: Priority rule can be defined to handle overlap issue. We propose to consider RAR > unicast > SIB. 

Proposal 2: Consider SI update enhancement to eliminate the necessity of paging monitoring in RRC_CONNECTED mode.

Proposal 3: Unless significant gains are shown, it is assumed that a UE in coverage enhancement mode is not required to receive control channel for one transport block and another transport block at the same subframe. 

Proposal 4: Indication of a set of subframes usable for unicast repetition is considered at least in case broadcast and unicast can occur in the same subband. 
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