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1 Introduction

In RAN1 #80 meeting, the following working assumption was confirmed [1]:
· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe for Rel-13 low complexity UEs not in enhanced coverage

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS
Further, the following conclusions were reached:
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
In RAN1#81 meeting we made the agreements [2]:
· Confirm working assumption of option 3-A for TDD for PBCH repetition
· The other subframe for PBCH repetition is:

· Subframe #9 for FDD

· Subframe #5 for TDD

· PBCH repetition for 1.4 MHz TDD/FDD system is not supported
· FFS: For MTC SIB1 transmission, subframes #1 and #6 are used

Also in RAN2#90 meeting we have the following agreements [3],

	Agreements
1
The UE determines the TBS of SIB1x based on information in MIB (not a single fixed TBS)

2
Acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is feasible)




This is an update of [4] taking the above progress into account. 
2 Scenarios for transmission and reception of broadcast messages
2.1 Scenarios for detecting Paging messages
The basic scenario of UE receiving paging message is to wake a UE in idle state. Moreover, as described in [5], the paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. 

The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. When DRX is used, the UE needs only to monitor one PO per DRX cycle[6]. For UEs in RRC_CONNECTED, it can monitor any paging message to obtain a system information (SI) change notification at any paging subframe. 
The following table summarizes the scenarios of UE detecting paging message.
Table 1: Scenarios of detecting paging message

	
	Function
	UE’s detection time

	RRC_IDLE
	Wake RRC_IDLE UE
	One PO per DRX cycle

	
	Inform SI change to RRC_IDLE UEs
	One PO per DRX cycle

	RRC_CONNECTED
	Inform SI change to RRC_CONNECTED UEs
	Unknown to eNB


2.2 Scenarios for transmitting RAR messages

For RAR, as described in [7], the random access procedure is performed for the following six events:
-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

-
For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning;

Within above six events, only the first event is for RRC_IDLE UEs, and the other five events are for RRC_CONNECTED UEs. Therefore, there can be a high probability for a RAR to be scheduled for an RRC_CONNECTED UE.
2.3 Scenarios for acquiring MIB/SIB messages

PBCH is sent by eNB according to different purposes as analyzed in [8] and repeated in physical layer according to a defined repetition pattern as per RAN1 agreements [2].

The scenarios and procedures for acquiring SIB(s) are given below according to [5]:
At cell (re-)selection, a UE will need to acquire the SIBs. A UE would also need to re-acquire SIB messages to obtain updated SI after a change. 
As described in section 2.1, the SI change can be informed via paging message. Alternatively, the systemInfoValueTag in SIB1 can be incremented to indicate a change has occurred in the SI messages. 
Thus, a UE can be going to acquire updated system information according to the indication in paging message or systemInfoValueTag in SIB1. However not all SI changes are notified by the systemInfoValueTag in SIB1:
· E-UTRAN may not update systemInfoValueTag upon change of some system information e.g. ETWS information, CMAS information, regularly changing parameters like time information (SystemInformationBlockType8, SystemInformationBlockType16), EAB parameters. 
· SystemInfoValueTag

· Common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14. Change of MIB and SIB1 is detected by acquisition of the corresponding message.
Finally, if a UE detects a Paging message including any of etws-Indication, cmas-Indication and eab-ParamModification, it will trigger the UE to re-acquire the schedulingInfoList contained in SIB1.
Table 2 summarizes the scenarios of UE detecting SIB message.

Table 2: Scenarios of detecting SIB message

	
	Function
	UE’s detection time

	RRC_IDLE
	Cell selection/reselection
	Unknown to eNB

	
	Acquire updated SI
	

	
	MIB, SIB10, SIB11, SIB12, SIB14
	

	RRC_CONNECTED
	Monitor SIB1 and acquire updated SI according to the indication in paging
	

	
	Monitor SIB1, to acquire updated SI
	

	
	MIB, SIB10, SIB11, SIB12, SIB14
	


3 Scenarios for potential simultaneous transmission of multiple TBs
As per RAN2 agreements, HARQ parallel accumulation can be considered for SI acquisition across SI windows. So it actually means for multiple SI TBs TDM by different HARQ processes can be applied to avoid collision.

For receiving MTC-SIB1 on PDSCH, it has been agreed that the scheduling information is not dynamically provided, i.e. related to MIB and PCID and/or fixed/pre-defined in specification [2]. On the other hand the unicast PDSCH can be scheduled at each subframe available for DL transmission and repeat as per its repetition level. 

According to the analysis in section 2 and the design for MTC-SIB1 and MIB repetition in physical layer, although a low-complexity UE is not required to support simultaneous reception of multiple transport blocks, it is impossible for eNB to schedule unicast messages completely separately from common messages in time domain, and it is also impossible for eNB to know the exact time point a UE would detect the common message(s) based on the current specification. The following table presents some possible combinations of collided TBs. The right column in the table gives some typical (non-exhaustive) examples corresponding to each collided TB combination. For the simple description, the following abbreviations are used:
· A:  Acquire updated MIB/SIBs or monitor MIB/SIBs
· B:  Monitor Paging to acquire indication of system information change

· C:  Receive RAR due to UL  “non-synchronized”
· D:  DL unicast transmission 
Table 3: Scenarios for potentially colliding TBs

	Collided TB combinations
	Typical examples

	MIB/SIBs + Paging
	A + B

	MIB/SIBs + RAR
	A + C

	RAR + Paging
	B + C

	MIB/SIBs + Paging + RAR
	A + B + C

	MIB/SIBs + Unicast
	A + D

	Paging + Unicast
	B + D

	RAR + Unicast
	C + D

	MIB/SIBs + Paging + Unicast
	A + B + D

	MIB/SIBs + RAR + Unicast
	A + C + D

	RAR + Paging + Unicast
	B + C + D

	MIB/SIBs + Paging + RAR + Unicast
	A + B + C + D


Proposal 1: Agree the combinations in the right-hand column of Table 3 as the scenarios of potentially colliding transmission of TBs, for same narrowband and different narrowbands. 
4 Solutions to handle potential TB collisions 
The following three alternatives were identified to handle TB collisions in the last RAN1 meeting.
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

The basic difference between Alt. 2 and Alt. 3 is that, in Alt. 2, the eNB can assume that the UE will make a good choice if there are colliding TBs, while in Alt. 3, the UE implementation can assume the eNB implementation will be such that the UE can be ignorant of colliding TBs by virtue of eNB action.
4.1 Alt 1: Define priorities among collided TBs
For this alternative, a Rel-13 low complexity UE could receive one specified TB based on pre-defined priority. The figure below illustrates the simultaneous transmission of unicast and broadcast within the same or different narrowband (s). 

[image: image1.emf]f

t

C

a

r

r

i

e

r

 

B

a

n

d

w

i

d

t

h

SF

Broadcast

Unicast

6

 

P

R

B


[image: image2.emf]f

t

C

a

r

r

i

e

r

 

B

a

n

d

w

i

d

t

h

SF

6

 

P

R

B

Broadcast

Unicast

6

 

P

R

B


(a): Same narrowband                             (b): Different narrowbands
Figure 1: Illustration for the collision of unicast and broadcast in CE case, FDD
For example, when a UE has transmitted a PRACH preamble, it expects to receive RAR subsequently within a RAR-window, or possibly some altered time-domain according to coverage enhancement work. Thus, RAR reception should have higher priority than the reception of unicast transmission to avoid wasting the preamble transmission and causing re-transmissions. 

For a Rel-13 low complexity UE in RRC_IDLE, the reception of paging message should have the highest priority since the UE can only monitor one paging message on one PO per DRX cycle.

For MIB and unicast PDSCH reception, the UE behavior for handling PBCH and PDSCH collision could be different depending on the MIB reception needs and PDSCH type, i.e. unicast transmission or common messages, and corresponding prioritization needs to be specified. More details can be found in [8].

By defining priority among collided messages, the UE can firstly receive the message of more importance or more rareness. Thus, the efficiency of resource utilization is improved, UE’s power consumption is saved, and development of timing relations between common control messages and unicast data messages is easier.
Proposal 2: Define priorities among the identified potential collision TBs to improve the efficiency of resource utilization and power consumption for Rel-13 low complexity UEs.
4.2 Alt 2: Up to UE implementation
When different messages are transmitted in different narrowbands to a Rel-13 low complexity UE, the UE would firstly need to decide which narrowband should monitor in each subframe. The following figure illustrates three scenarios of two TBs transmitted within separate narrowbands. Figures 2a-2c show the two TBs are transmitted without collision, with full collision and with partial collision, respectively. 
As shown in the Figure 2, it is obvious that unsuitable narrowband monitoring would let UE miss TB reception, or miss important TB, or miss some repetition subframes. Moreover, in enhanced coverage case, TBs would be transmitted with many repetitions, which may increase the probability of TB missing and detection failure due to UE needs to camp on a narrowband to monitor one TB within many subframes. An eNB cannot know the UE’s decision, so the eNB may still transmit control channel (if any) and its corresponding scheduled data to the UE. Thus, if UE misses or fails the (valuable) TB, the resource waste would be unavoidably increased, and UE’s power consumption may also be largely increased, which was not considered in detail in the Rel-12 work on simultaneous reception. 
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                        (b)                                                                         (c)
Figure 2: Illustration for missing TB detection

When two collided messages are located to the same narrowband, the determination of detecting which TB can also be up to UE’s implementation. However, as analyzed above, unsuitable TB monitoring would also lead to severe resource waste and increase UE’s power consumption, especially in coverage enhancement case.
A smart Rel-13 low complexity UE may make rational decision to receive the TB of more importance or more rareness. However, not all the cases of TB collision have obvious decision on which TB of more importance, so the inconsistent behavior between a smart Rel-13 low complexity UE and an eNB may be unavoidable. Moreover, the point of Alt. 2 is that we do not oblige all UEs to behave in a ‘smart’ way; else we should specify something to make this the case. The network therefore needs to protect itself against unexpected but permitted UE implementations which are not good for the network’s implementation. 
4.3 Alt 3: Up to eNB to avoid any colliding TBs, possibly with UE assistance
As there is no relationship among preamble identifier, S-TMSI/IMSI, and RNTI, the eNB can not to make pre-decision to be certain of avoiding potential TB collisions if it decides to simultaneously transmit more than one TB. For example, an eNB will transmit SIB independent of any UE’s identifier. For RAR transmission, the eNB can only know the RAR is related to one preamble identifier. For paging transmission, the eNB can only know the paging message is related to the relevant S-TMSI or IMSI identifier(s). For unicast transmission, the eNB can know the unicast TB is related to one RNTI.
The basic problem with Alt. 3 (and to some extent with Alt. 2) is the potential for mismatched behavior between eNB and UE. A rational eNB behavior is to act conservatively against cases of colliding TBs when the behavior of the UE is unspecified, considering the potential for resource wastage especially in coverage enhancement mode. One outcome is that a conservative eNB chooses never to have more than one narrowband in order to avoid the loss of critical broadcast messages, and this will significantly increase the latency of all common message operations in the time domain. The scheduling choices could be very restricted when e.g. trying to always separate MTC-SIB1 from the on-demand transmission of RAR. In fact, it does not seem very practical to create this preference in an eNB by physical layer design.
For Alt. 3, the exact scheduling choices can be left up to the eNB, if the UE is assisted by knowing that a given type of TB can be expected only in specific subframes. By aligning the eNB and UE behavior, the misunderstanding of TB transmission and reception could be avoided, and the waste of resource utilization and UE’s power consumption could also be alleviated.
Proposal 3: If Alt. 3 is adopted, the eNB can designate message-specific subframe sets for a Rel-13 low complexity UE to avoid mismatch behavior between eNB and UE.

5 Conclusions
In this contribution, the scenarios of detecting broadcast messages are analyzed, and typical combinations for potential TB collision are identified. Possible alternatives to handle possible TB collision are discussed, and the following proposals are presented:

Proposal 1: Agree the combinations in the right-hand column of Table 3 as the scenarios of potentially colliding transmission of TBs, for same narrowband and different narrowbands.
Proposal 2: Define priorities among the identified potential collision TBs to improve the efficiency of resource utilization and power consumption for Rel-13 low complexity UEs.
Proposal 3: If Alt. 3 is adopted, the eNB can designate message-specific subframe sets for a Rel-13 low complexity UE to avoid mismatch behavior between eNB and UE.
References
[1] 3GPP RAN1#80 meeting, Chairman notes, Athens, Greece, 9 – 13 February 2015. 
[2] 3GPP RAN1#81 meeting, Chairman notes, Fukuoka, Japan, 25-29 May 2015.

[3] 3GPP RAN2#90 meeting, Chairman notes, Fukuoka, Japan, 25-29 May 2015.

[4] R1-152460, “Further considerations on simultaneous transmission for MTC UEs”, Huawei, HiSilicon, Fukuoka, Japan, May 25-29, 2015.
[5] TS 36.331, “Radio Resource Control”, V 12.5.0. 

[6] TS 36.304, “User Equipment (UE) procedures in idle mode”, V 12.4.0.

[7] TS 36.300, “Overall description”, V 12.5.0.

[8] R1-154328, “Retuning for PSS/SSS, PBCH, and possibly other channels”, Huawei, HiSilicon, Beijing, China, August 24-28, 2015.












































































_1476889872.vsd
文本�

f


t


Carrier Bandwidth



SF


�

6 PRB


�

6 PRB


Broadcast


Unicast



_1490095252.vsd
文本�

f


t


Carrier Bandwidth



SF


�

NB2


TB2


TB1


�

NB1


UE monitors on NB2



_1490095983.vsd
文本�

f


t


Carrier Bandwidth



SF


�

NB2


TB2


TB1


�

NB1


UE monitors on NB1


UE monitors on NB2



_1490095148.vsd
文本�

f


t


Carrier Bandwidth



SF


�

NB2


TB2


TB1


�

NB1


UE monitors on NB1


UE monitors on NB2



_1476889721.vsd
文本�

f


t


Carrier Bandwidth



SF


�

Broadcast


Unicast


6 PRB



