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1 Introduction

In RAN2 #87 meeting, for category 0 UE receiving multiple transport blocks, it was agreed that [1]:

· If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.
In RAN1 #78bis meeting, the following working assumptions were concluded [2]:

· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
In this contribution, scenarios for simultaneous transmissions for unicast and broadcast for Rel-13 low complexity UE are analyzed. Moreover, possible solutions for Rel-13 low complexity UEs to handle the issue of simultaneous reception of unicast and broadcast are provided.
2 Scenario of simultaneous transmissions for unicast and broadcast
Simultaneous transmission of broadcast and unicast is possible, and simultaneous reception requirements are defined in TS 36.321. By broadcast in this contribution, we mean SIB, paging and RAR transmissions. Some examples of simultaneous transmission and reception are:

· SIB and unicast, especially when the systemInfoValueTag in SIB is updated.

· Paging and unicast, since there is no specification of how often a CONNECTED mode UE should check Paging for SI change notifications.

· RAR and unicast, in the case of loss of UL synchronization in proximity to DL transmission.
Regardless of the content of broadcast transmission, the simultaneous transmission of unicast and broadcast message can be roughly categorized into 3 kinds according to the resource allocation with or without CE:

· Simultaneous transmissions within same narrowband in non CE
· Simultaneous transmissions within separate narrowband in non CE
· Simultaneous transmissions in CE
2.1 Simultaneous transmissions for unicast and broadcast within same narrowband in non coverage enhancement case
For a Rel-13 low complexity UE, the maximum available PRBs of a narrowband would be six PRBs. The transmission of broadcast message should have high reliability as much as possible. As a result, six PRBs could be fully occupied for the transmission of broadcast messages, including PBCH, SIB, RAR, Paging and PSS/SSS. Thus, the probability of eNB simultaneously transmitting unicast and broadcast within the same narrowband would be rare. We can leave UE behavior unspecified in these cases if it happens, and expect that a smart eNB will avoid scheduling simultaneous transmission of broadcast and unicast. Potential loss in spectral efficiency would be slight given it is very likely to make a narrowband for just common messages transmission.
Proposal 1: UE behavior is unspecified in the case of simultaneous transmission of broadcast and unicast data to the same UE in the same narrowband.
2.2 Simultaneous transmissions for unicast and broadcast within separate narrowband in non coverage enhancement case
An additional question to that discussed at RAN1#78bis is how to handle the case that an eNB transmits unicast message and broadcast message to a Rel-13 low complexity UE simultaneously in different narrowbands. The UE cannot simultaneously receive unicast and SIB due to the maximum 1.4MHz bandwidth support. As a result, the UE should need to decide which narrowband it should camp on.

As the eNB does not know which time instants the UE will retune to receive broadcast messages, the eNB cannot avoid scheduling unicast transmission on the time instants UE to receive broadcast message. As shown in the Figure 1, there may have resource waste of unicast transmission if an eNB transmits unicast and broadcast within separate narrowband to a Rel-13 low complexity UE simultaneously and UEs have to drop either. 
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Figure 1: Simultaneous transmission for unicast and broadcast

2.3 Simultaneous transmissions for unicast and broadcast in coverage enhancement case
The resource waste of unicast transmission in coverage enhancement case would be severe as many repeated transmissions for unicast would happen.  However, the impact of simultaneous transmission for unicast and broadcast within the same narrowband would not be severe as analyzed in section 2.1. For the simultaneous transmission of unicast and broadcast within different narrowbands, the impact would be worth considering due to the probability of simultaneous transmission would be large considering all Rel-13 low complexity MTC UEs existing in a cell.
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Figure 2: Illustration for the collision of unicast and broadcast in CE case, FDD

Observation 1: The scheme of up to UE implementation to decide receiving unicast or broadcast within different narrowbands would lead to resource waste of unicast transmission, especially for the coverage enhancement case.
3 UE’s behavior of simultaneous transmission for unicast and broadcast
Regarding the 3 cases listed above, there are several candidate solutions can be considered.

3.1 Up to UE implementation
For this scheme, a Rel-13 low complexity UE can determine to receive unicast transmission or broadcast transmission up to its decision. However, as above mentioned, an eNB cannot acquire UE’s decision beforehand, so the eNB may still transmit EPDCCH and its scheduled unicast data to the UE. Thus, the resource waste (both EPDCCH and unicast data) would be large, especially in the coverage enhancement case.
3.2 Defined priority
A Rel-13 low complexity UE could receive unicast transmission or broadcast transmission based on a defined priority. For example, when a UE has transmitted a PRACH preamble, it expects to receive RAR subsequently within a RAR reception window. Thus, for example, the RAR reception could have higher priority than the reception of unicast transmission given UE has the cost of preamble transmission. 

3.3 Defined time instants
To avoid UE missing the unicast or broadcast transmission, the eNB can transmit unicast or broadcast data on the defined time instants and a Rel-13 low complexity UE can monitor on these defined time instants to obtain unicast or broadcast data. Thus, the resource waste of data transmission could be avoided to some extent.
Proposal 2: Handle simultaneous transmission of broadcast and unicast messages to the same UE, in different narrowbands, in one of the following two ways:

· Defining relative priorities among broadcast and unicast messages.

· Defining time instants on which eNB can transmit unicast or broadcast messages.

4 Conclusions
In this contribution, scenarios for simultaneous transmissions for unicast and broadcast for Rel-13 low complexity UE are analyzed. Moreover, possible solutions for Rel-13 low complexity UEs to handle the issue of simultaneous reception of unicast and broadcast are provided, and the following observation and proposals are made:

Observation 1: The scheme of up to UE implementation to decide receiving unicast or broadcast within different narrowbands would lead to resource waste of unicast transmission, especially for the coverage enhancement case.

Proposal 1: UE behavior is unspecified in the case of simultaneous transmission of broadcast and unicast data to the same UE in the same narrowband.
Proposal 2: Handle simultaneous transmission of broadcast and unicast messages to the same UE, in different narrowbands, in one of the following two ways:

· Defining relative priorities among broadcast and unicast messages.

· Defining time instants on which eNB can transmit unicast or broadcast messages.
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