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1. Introduction 
In RAN1#80 the following is concluded:

· 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 some consideration on this aspect.
2. Discussion
In RAN1#79 and RAN1#80, it was agreed that LC-MTC UE is not expected to receive more than 1 TB at a time.  Since eNB is not aware when LC-MTC UE decides to read a common message, collision may occur when the eNB schedules another message e.g. unicast to this UE, which leads to resource wastage.  Such wastage is insignificant in normal coverage, however in coverage enhanced mode, such wastage is unacceptable.  Hence avoidance of collision such as TDM is beneficial e.g. CSS EPDCCH for paging and USS EPDCCH for unicast.  However, in some colliding messages, TDM may not be feasible and defining a priority between the two messages may be useful, e.g. RAR and unicast messages.  For some cases, priority may lead to cases where a message will have very little chance of being read since it is of lower priority and in this case, some other mechanism such as UE or eNB implementation is useful.  It is therefore observed that we should not use a single mechanism for all collision cases but to use different mechanism for different colliding messages.
Observation 1: The collision avoidance mechanism used depends on the type of colliding messages.

The messages consider are MIB, SIB1, SI, CSS EPDCCH for RAR, CSS EPDCCH for Paging, USS EPDCCH, RAR, Paging and Unicast.  In this analysis SIB1 and SI are NOT scheduled using CSS EPDCCH.  A collision matrix can be form as in Figure 1, where for each possible collision, the mechanism for collision avoidance can be:

1) There is no logical collision

2) There is collision but can be solved by UE/eNB implementation with possible UE assistance

3) Priority is given to one of the colliding message 

4) TDM between the two colliding message.
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Figure 1: Collision matrix

2.1 Collision with MIB, SIB1 and SI
MIB collision with SIB1 and SI:  If an SI change indication is sent, the UE is expected to first reacquire the MIB before reading the SIB1 and SI and hence there should not be any logical collision between these messages.
SIB1 collision with SI:  The scheduling of SI is indicated in SIB1 and hence UE needs to read SIB1 before reading SI when an SI change is indicated.  Therefore there is no logical collision between SIB1 and SI. 

Observation 2: There are no logical collisions between MIB and SIB1 and between MIB and SI.
Observation 3: There is no logical collision between SIB1 and SI.
MIB/SIB1/SI collision with CSS EPDCCH carrying scheduling for RAR and Msg4: The UE would read the MIB for resynchronisation and when there is an SI change.  For resynchronisation, the UE needs to obtain sync before it can send a preamble and hence there is no logical collision between MIB and CSS RAR in this case.  When there is an SI change indicated in a previous modification period, the UE is expected to read these changes in SI in the current modification period.  For example in Figure 2, if an SI change is indicated in Modification Period #k, then the UE is expected to read these SI changes in Modification Period #k+1 which we called this modification period as the transition modification period.  Since RACH configuration may be changed, priority should be given to MIB, SIB1 and SI during this transition modification period.  For other modification period (e.g., such as Modification Period #k and k+2 in Figure 2), the UE should give priority to CSS RAR since there is no change to RACH configuration and avoid wasting eNB resources scheduling for the RAR.  Similar argument holds for MIB/SIB1/SI collision with CSS EPDCCH carrying scheduling for Msg4.
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Figure 2: Transition modification period
MIB/SIB1/SI collision with CSS EPDCCH carrying scheduling for paging message: Similar to MIB/SIB1/SI collision with CSS EPDCCH carrying scheduling for RAR, the broadcast message (MIB/SIB1/SI) should have priority during the transition modification period.  If such behaviour is known the eNB would be avoid paging and idle mode UE during the transition modification period.  For other modification periods, the CSS EPDCCH should have priority since missing a paging may lead to network consuming more resources paging larger number of eNBs, which becomes significant wastage in if the UE is in coverage enhanced mode.
Proposal 1: For MIB/SIB1/SI collision with CSS EPDCCH:

· MIB/SIB1/SI has priority during transition modification periods (modification periods where SI change occurs)

· CSS EPDCCH has priority during non-transition modification periods

MIB/SIB1/SI collision with USS EPDCCH:  UE in connected mode would need to read the MIB/SIB1/SI in the transition modification period due to possible changes to some configuration.  Similar to collision with CSS EPDCCH, for non transition modification period, USS EPDCCH has priority over MIB/SIB1/SI since there are no changes to broadcast messages.  

For transition modification period, especially in coverage enhanced mode, the UE needs to re-acquire the MIB/SIB1/SI.  Since the eNB is not aware when the UE reads these broadcast messages, it may schedule unicast (EPDCCH + PDSCH) to the UE whilst it is reading the broadcast messages which would incur significant resource wastage.  In [1] it is proposed that the UE informs the network when it intends to read the MIB/SIB1/SI messages.  Another alternative is to provide SIB Occasions, i.e. time period (similar to paging occasion) known to both UE and eNB where the UE is not expected to monitor for USS EPDCCH.  Effectively the SIB Occasion provides TDM between reading MIB/SIB1/SI and USS EPDPCCH during the transition modification period.  The SIB Occasion can be determined in a similar way as paging occasion, e.g., using the UE C-RNTI.  Hence the eNB would avoid scheduling any unicast to the UE during the UE’s SIB Occasion in transition modification period.

Proposal 2: For MIB/SIB1/SI collision with USS EPDCCH:

· SIB Occasions, i.e. time period where UE is not expected to monitor USS EPDCCH, is defined during transition modification periods

· USS EPDCCH has higher priority during non-transition modification periods

MIB/SIB1/SI collision with PDSCH carrying RAR, Paging & Unicast: For non-transition period, there should not be a need for UE to read MIB/SIB1/SI since there is no change to the broadcast message and hence priority should be given to PDSCH.
For transition modification period in coverage enhanced mode, the unicast PDSCH may occupy several hundreds of repetitions and if priority is given to PDSCH, the UE may not have any opportunity to read the broadcast message.  On the other hand, if priority is given to MIB/SIB1/SI, the PDSCH resource may be wasted.  TDM unicast PDSCH such as SIB Occasion may be challenging since PDSCH repetitions are expected to be much higher than those for EPDCCH, which may occupy a significant portion of the transition modification period.  Furthermore due to the different number of TBS, the possible different number of repetitions are higher compared to those in EPDCCH (EPDCCH would likely have 1 or 2 fixed DCI format).  It should be noted that for PBCH occupies up to 2 subframes where the subframes may not be contiguous and so it is possible for the UE to interrupt some PDSCH receptions to try to acquire MIB in those subframes.  Such reception can be beneficial and up to UE implementation.  Hence for transition modification period, the behaviour of MIB/SIB1/SI collision with PDSCH is up to UE implementation.
Proposal 3: For MIB/SIB1/SI collision with PDSCH carrying RAR, Paging & Unicast:

· UE behaviour is up to UE implementation for transition modification periods

· PDSCH has priority during non-transition modification periods

2.2 Collision with CSS EPDCCH carrying RAR scheduling
CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging: In idle mode, such collision occurs if the UE transmit preamble which ends prior to its paging occasion.  If the paging is intended for the UE, then the UE would eventually perform a RACH access and since it is already performing a RACH, it should complete the process.  In connected and idle mode, paging for SI change or PWS occurs multiple times within a modification periods and hence the UE should complete the RACH process.  Therefore for such collision, the CSS EPDCCH carrying scheduling for RAR has priority.
Proposal 4: For CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging, the CSS EPDCCH carrying scheduling for RAR has priority.

CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH: UE requiring uplink resource or need to perform uplink synchronisation would perform RACH in connected mode.  If UE monitors CSS EPDCCH and eNB schedules unicast to this UE in USS EPDCCH, the unicast resource will be wasted.  On the other hand if the eNB responds to this UE’s preamble and schedules RAR but the UE monitors USS EPDCCH, then the RAR resources (EPDCCH + PDSCH) will be wasted.  Since either way resources may be wasted, following through with the RACH process would be preferable rather than interrupting it.  Hence for such collision, CSS EPDCCH has priority.
Proposal 5: For CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH, the CSS EPDCCH carrying scheduling for RAR has priority.
CSS EPDCCH carrying scheduling for RAR collision with PDSCH carrying RAR:  Since UE has to read the EPDCCH first before reading the PDSCH carrying RAR, there is no logical collision with PDSCH carrying RAR.

Observation 4: There is no logical collision between CSS EPDCCH carrying scheduling for RAR with PDSCH carrying RAR message.
CSS EPDCCH carrying scheduling for RAR collision with PDSCH carrying paging: Similar argument used for “CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging” is applicable for the PDSCH carrying paging.  Therefore for such collision, CSS EPDCCH carrying RAR has priority.
CSS EPDCCH carrying scheduling for RAR collision with PDSCH carrying unicast: Similar argument used for “CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH” is applicable for the PDSCH carrying unicast.  Therefore for such collision, CSS EPDCCH carrying RAR has higher priority.

Proposal 6: For CSS EPDCCH carrying scheduling for RAR collision with PDSCH (carrying RAR, Paging or unicast), CSS EPDCCH carrying scheduling for RAR has higher priority.

2.3 Collision with CSS EPDCCH carrying Paging scheduling

CSS EPDCCH carrying scheduling for Paging collision with USS EPDCCH: In connected mode, especially for coverage enhanced mode, paging for SI change and PWS only happens infrequently and therefore such CSS EPDCCH can be transmitted (and monitored by UE) occasionally, e.g. with a known period.  It is therefore relatively easy to TDM CSS EPDCCH carrying scheduling for paging with USS EPDCCH and avoiding collision completely as proposed in [1].
Proposal 7: CSS EPDCCH carrying scheduling for Paging is time multiplexed with USS EPDCCH.
CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying RAR:  Similar argument used for “CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging” is applicable for PDSCH carrying RAR, i.e. it is preferable that the RACH process is not interrupted.  Therefore for such collision, the PDSCH carrying RAR has priority.

Proposal 8: For CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying RAR, the PDSCH carrying RAR has priority.

CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying Paging:  Since paging message is scheduled by CSS EPDCCH, there is no logical collision.

Observation 5: There is no logical collision between CSS EPDCCH carrying scheduling for Paging with PDSCH carrying Paging message.
CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying unicast:  TDM of PDSCH carrying unciast with CSS EPDCCH for paging in addition to a TDM with USS would lead to less opportunities for any of these messages.  Giving priority to PDSCH may not allow any opportunity for the UE to read the paging message since PDSCH in coverage enhanced mode may require significant number of repetitions.  On the other hand, giving priority to CSS EPDCCH for Paging would lead to interruptions to the accumulation of PDSCH repetitions.  The UE may interrupt some PDSCH repetitions to read CSS EPDCCH and rely on retransmission to get the complete unicast message.  This of course is up to UE implementation.
Proposal 9: For CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying unicast, the UE behaviour is up to UE implementation.
2.4 Collision with USS EPDCCH

USS EPDCCH collision with PDSCH carrying RAR:  Similar argument used in “CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH” is applicable for this collision, where the priority is not to interrupt the RACH process.  Therefore, PDSCH carrying RAR has priority.
Proposal 10: For USS EPDCCH collision with PDSCH carrying RAR, the PDSCH carrying RAR has priority.
USS EPDCCH collision with PDSCH carrying Paging:  Similar argument used in “CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying unicast” is applicable in this collision.  Therefore the behaviour is up to UE implementation.

Proposal 11: For USS EPDCCH collision with PDSCH carrying Paging, the UE behaviour is up to UE implementation.

USS EPDCCH collision with PDSCH carrying unicast:  Since PDSCH unicast is scheduled by USS EPDCCH, there is no logical collision.

Observation 6: There is no logical collision between USS EPDCCH and PDSCH carrying unicast message.
2.5 Collision with between PDSCHs
PDSCH carrying RAR collision wtih PDSCH carrying Paging or Unicast:  The arguments used for “CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging” and “CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH” are applicable in these collisions.  The PDSCH carrying RAR has priority.
Proposal 12: For PDSCH carrying RAR collision with PDSCH carrying Paging or Unicast, PDSCH carrying RAR has priority.
PDSCH carrying Paging collision with PDSCH carrying Unicast:  The argument used for “CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying unicast” is applicable in this collision.  Therefore, the UE behaviour is up to implementation.

Proposal 13: For PDSCH carrying Paging collision with PDSCH carrying Unicast, the UE behaviour is up to UE implementation.
3. Conclusion

In this contribution we analyse different message collisions and the outcome of this analysis is summarised in Figure 1.  We have the following observations:

Observation 1: The collision avoidance mechanism used depends on the type of colliding messages.

Observation 2: There are no logical collisions between MIB and SIB1 and between MIB and SI.
Observation 3: There is no logical collision between SIB1 and SI.
Observation 4: There is no logical collision between CSS EPDCCH carrying scheduling for RAR with PDSCH carrying RAR message.

Observation 5: There is no logical collision between CSS EPDCCH carrying scheduling for Paging with PDSCH carrying Paging message.
Observation 6: There is no logical collision between USS EPDCCH and PDSCH carrying unicast message.
We propose the following:
Proposal 1: For MIB/SIB1/SI collision with CSS EPDCCH:

· MIB/SIB1/SI has priority during transition modification periods (modification periods where SI change occurs)

· CSS EPDCCH has priority during non-transition modification periods
Proposal 2: For MIB/SIB1/SI collision with USS EPDCCH:

· SIB Occasions, i.e. time period where UE is not expected to monitor USS EPDCCH, is defined during transition modification periods

· USS EPDCCH has higher priority during non-transition modification periods
Proposal 3: For MIB/SIB1/SI collision with PDSCH carrying RAR, Paging & Unicast:

· UE behaviour is up to UE implementation for transition modification periods

· PDSCH has priority during non-transition modification periods
Proposal 4: For CSS EPDCCH carrying scheduling for RAR collision with CSS EPDCCH carrying scheduling for Paging, the CSS EPDCCH carrying scheduling for RAR has priority.

Proposal 5: For CSS EPDCCH carrying scheduling for RAR collision with USS EPDCCH, the CSS EPDCCH carrying scheduling for RAR has priority.

Proposal 6: For CSS EPDCCH carrying scheduling for RAR collision with PDSCH (carrying RAR, Paging or unicast), CSS EPDCCH carrying scheduling for RAR has higher priority.

Proposal 7: CSS EPDCCH carrying scheduling for Paging is time multiplexed with USS EPDCCH.

Proposal 8: For CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying RAR, the PDSCH carrying RAR has priority.

Proposal 9: For CSS EPDCCH carrying scheduling for Paging collision with PDSCH carrying unicast, the UE behaviour is up to UE implementation.
Proposal 10: For USS EPDCCH collision with PDSCH carrying RAR, the PDSCH carrying RAR has priority.
Proposal 11: For USS EPDCCH collision with PDSCH carrying Paging, the UE behaviour is up to UE implementation.

Proposal 12: For PDSCH carrying RAR collision with PDSCH carrying Paging or Unicast, PDSCH carrying RAR has priority.
Proposal 13: For PDSCH carrying Paging collision with PDSCH carrying Unicast, the UE behaviour is up to UE implementation.
4. References

[1]
R1-150133, “On reception of unicast and broadcast for LC-MTC,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN#80


























































































































































































































































































_1488885357.doc

[image: image1]

X































TDM







No logical collision







Collision (UE/NB implementation with UE assistance)







Priority given to message “X”












_1488890457.doc

[image: image1]

Transition modification period where UE expected to read SI































SI Change Indication







Modification Period #k+2







Modification Period #k+1







Modification Period #k












