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1 Introduction

In RAN1 #79 meeting, the following agreements and working assumption were concluded [1]:

Agreements:
· UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.

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

· UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.

· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS

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

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe at least for Rel-13 low complexity UE 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

Working assumption:
· 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

In this contribution, the remaining issues, including Rel-13 low complexity UE behavior, related to simultaneous reception for Rel-13 low complexity UE are discussed. 

2 Simultaneous reception for broadcast when not in enhanced coverage

Supporting parallel reception will lead to higher requirement on UE’s processing capability and may also increase UE’s cost. In TS 36.302 [2], it presented possible combinations of physical channels that can be received in parallel in the downlink in the same subframe by one UE. 

As for simultaneous reception of multiple transport blocks for broadcast transmission in a subframe, the TS 36.302 specified possible combinations, which are summarized in the table below. The meaning of symbol in the table is listed in the appendix. 
As seen from the table, simultaneous reception of multiple broadcast TBs are allowed for RRC idle UEs. For RRC connected UEs without supporting ETWS and CMAS, only simultaneous reception of SIB and RAR are allowed. For RRC connected UEs with supporting ETWS and CMAS, simultaneous reception of multiple broadcast TBs are also allowed.
Table 1: Downlink "Reception Type" Combinations
	1. RRC_IDLE

	1.1 All UEs
	A + B + C + D

	2. RRC_CONNECTED

	2.1 All UEs
	A + B + (D or E or G or I) + (F or H or J) + M

	2.5 UEs supporting ETWS and CMAS
	A + B + C + (D or E or G or I) + (F or H or J) + M


Due to the DL coverage loss from single receive RF and shrunk frequency diversity, an eNB may transmit one broadcast message to Rel-13 low complexity UEs using all the resource of the narrowband to maintain reliable performance in non-coverage enhancement. Therefore, the transmissions of different broadcast messages may be naturally separated in time domain. Besides, due to reduced RF bandwidth and limited baseband processing capability for Rel-13 low complexity UEs, it is beneficial to disabling simultaneous reception of multiple broadcast TBs to simplify UE’s complexity and reduce UE’s cost. 
Proposal 1: Confirm the RAN1#79 working assumption on simultaneous reception of multiple TBs for broadcast when not in enhanced coverage.
3 Simultaneous reception for MBMS and broadcast transmission 
According to TS 36.302, the simultaneous reception of MBMS and broadcast transmission is not allowed for legacy UEs regardless of UE in RRC idle state or in RRC connected state. Using the same philosophy, the simultaneous reception of MBMS and broadcast transmission for low-end Rel-13 low complexity UE should also not be required.
Table 2: Downlink "Reception Type" Combinations
	1. RRC_IDLE

	1.2 UEs supporting MBMS
	K + L

	2. RRC_CONNECTED

	2.3 UEs supporting MBMS
	((E or G or I) + L + K) or (A + B + D) + (F or H or J) + M


Proposal 2: No change to Rel-12 DL reception type combinations for M-RNTI and MCH.
4 Rel-13 low complexity UE behavior
In current specification, if an eNB transmits parallel channels, which can not be simultaneously received by a UE, the UE’s behavior on channel reception is up to the UE implementation.
4.1 UE’s unicast narrowband is not the same as that of broadcast message transmitted

Due to Rel-13 low complexity UE supports reduced baseband bandwidth, the capability of Rel-13 low complexity UE’s is different than that of legacy UEs. For example, a legacy UE can determine whether potential simultaneous reception occurs according to control channel detection on common search space and UE-specific search space. However, as shown the figure below, for a Rel-13 low complexity UE, it cannot determine whether potential simultaneous transmission occurs when control channel in USS and control channel in eCSS (if introduced) are transmitted on separate narrowbands. 

[image: image1.emf]f

t

C

a

r

r

i

e

r

 

B

a

n

d

w

i

d

t

h

6

 

P

R

B

Narrowband for broadcast

Unicast narrowband

6

 

P

R

B

A Rel-13 low complexity UE 

should decide to monitor 

which narrowband 


Figure 1: UE’s unicast narrowband is different from that of broadcast message
Observation 1: A Rel-13 low complexity UE cannot determine whether simultaneous transmission occurs when control channel in USS and control channel in CSS (if introduced) are transmitted on separate narrowbands.
Considering coverage enhancement scenario, if UE’s unicast narrowband is not the same as that of broadcast message transmitted, the UE should firstly decide which narrowband should be monitored. The determination of narrowband can be up to UE’s implementation. However, incorrect narrowband monitoring in coverage enhancement would largely increase UE’s power consumption and degrade spectrum efficiency. 
Observation 2: Incorrect narrowband monitoring in coverage enhancement would increase UE’s power consumption and degrade spectrum efficiency. 

4.2 UE’s unicast narrowband is the same as that of broadcast message transmitted

If UE’s unicast narrowband is the same as that of broadcast message transmitted, the UE’s behavior may have different alternatives.
Alternative a: UE decodes control channel to decide whether simultaneous transmission occurs

For this alternative, the following three consequences would be anticipated.
· C1: UE successfully decodes control channels/TBs for both unicast and broadcast

· C2: UE successfully decodes control channel for unicast or broadcast

· C3: UE does not successfully decode any control channel for unicast or broadcast

For C1, as UE can only receive one TB in one subframe, there has unnecessary power consumption on detecting control channel of another TB.

For C2, UE only receives TB related to the control channel of successful detection, but the power consumption on detecting control channel of another TB is also unavoidable.

For C3, the power consumption on detecting control channels is increased.

Actually, not only the power consumption of Rel-13 low complexity UE is increased, the parallel control processing capability should be needed for this alternative, which may not be beneficial to the reduction of UE’s cost and complexity. 
Alternative b: UE only decodes one type of TB and related control channels
Since a Rel-13 low complexity UE should only receive one TB in one subframe, it is beneficial for the UE only decoding one type of data and related control channel to save power consumption and simplify UE’s behavior. 
Observation 3: It is beneficial for a Rel-13 low complexity UE only decoding one type of data and related control channel to save power consumption and simplify UE’s behavior. 
The determination of detecting which TB can be up to UE’s implementation. However, incorrect TB (and related control channel) monitoring in coverage enhancement would largely increase UE’s power consumption and degrade spectrum efficiency.
Observation 4: Incorrect TB (and related control channel) monitoring in coverage enhancement would increase UE’s power consumption and degrade spectrum efficiency.
Proposal 3: Investigate feasible means to mitigate the impact arising from UE’s non-simultaneous reception.
5 Conclusions
In this contribution, the remaining issues related to simultaneous reception for Rel-13 low complexity UE are discussed, and the following observations and proposals are made:

Observation 1: A Rel-13 low complexity UE cannot determine whether simultaneous transmission  occurs when control channel in USS and control channel in CSS (if introduced) are transmitted on separate narrowbands.

Observation 2: Incorrect narrowband monitoring in coverage enhancement would increase UE’s power consumption and degrade spectrum efficiency. 

Observation 3: It is beneficial for a Rel-13 low complexity UE only decoding one type of data and related control channel to save power consumption and simplify UE’s behavior. 

Observation 4: Incorrect TB (and related control channel) monitoring in coverage enhancement would increase UE’s power consumption and degrade spectrum efficiency.
Proposal 1: Confirm the RAN1#79 working assumption on simultaneous reception of multiple TBs for broadcast when not in enhanced coverage.
Proposal 2: No change to Rel-12 DL reception type combinations for M-RNTI and MCH.
Proposal 3: Investigate feasible means to mitigate the impact arising from UE’s non-simultaneous reception.
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Appendix
Table 3: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel

	A
	PBCH
	N/A
	BCH

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH

	C
	PDCCH+PDSCH
	P-RNTI
	PCH

	D
	PDCCH+PDSCH
	RA-RNTI (Note 3)
	DL-SCH

	
	
	Temporary C-RNTI (Note 3) (Note 4)
	DL-SCH

	
	(PDCCH/EPDCCH) +PDSCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	DL-SCH 

	D1
	(PDCCH/EPDCCH) +PDSCH

(Note 9)
	C-RNTI
	DL-SCH 

	E
	PDCCH/EPDCCH (Note 1)
	C-RNTI
	N/A

	F
	PDCCH
	Temporary C-RNTI (Note 5)
	UL-SCH

	
	PDCCH/EPDCCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	UL-SCH

	F1
	PDCCH/EPDCCH

(Note 9)
	C-RNTI
	UL-SCH

	G
	PDCCH
	TPC-PUCCH-RNTI
	N/A

	H
	PDCCH
	TPC-PUSCH-RNTI
	N/A

	I
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 6)
	N/A

	J
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 7)
	N/A

	K
	PDCCH
	M-RNTI (Note 8)
	N/A

	L
	PMCH
	N/A (Note 8)
	MCH

	M
	PDCCH
	eIMTA-RNTI
	N/A

	Note 1:
PDCCH or EPDCCH is used to convey PDCCH order for Random Access.

Note 2:
Void.

Note 3: 
RA-RNTI and Temporary C-RNTI are mutually exclusive and only applicable during Random Access procedure.

Note 4: 
Temporary C-RNTI is only applicable when no valid C-RNTI is available.
Note 5: 
Temporary C-RNTI is only applicable during contention-based Random Access procedure.

Note 6:
Semi-Persistent Scheduling C-RNTI is used for DL Semi-Persistent Scheduling release.

Note 7:
Semi-Persistent Scheduling C-RNTI is used for UL Semi-Persistent Scheduling release.

Note 8:
In MBSFN subframes only

Note 9:
DL-SCH reception corresponding to D1, and UL-SCH transmission corresponding to F1, are only applicable to SCells.
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