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1 Introduction
This paper discusses the possible negative impacts of dynamic CP length change in a cell on the correctness of the UE operation while receiving some types of unicast
 signal
 from the cell for data reception and measurement purpose. The change of CP length from sub-frame to sub-frame is caused by the transmission of MBSFN signal using the extended CP from the cell where the normal CP is used for the unicast signal transmission by default.

Some solutions are described and recommendations are provided.
2 Discussion

2.1 Background of the issue

In TS 36.211, sub-frame structure with normal and extended CP length is defined for 15kHz sub-carrier spacing. 
· Sub-frame with normal CP should be used for transmission of unicast signal from a cell with small to medium coverage to minimize CP overhead. 
· Sub-frame with extended CP should be used for transmission of unicast signal from a cell with large coverage to avoid multipath interference at the UE. 
We will refer to the CP length optimised for use in a cell for unicast transmission as default CP. 
In all cells belongs to an MBSFN area, the system should use the extended CP in the sub-frame where MBMS signal is transmitted to avoid multipath interference at the faraway UE regardless of the default CP used in each cell.
From RAN1 common assumptions  
· In the sub-frame where MBMS is transmitted, it should be able to also transmit some types of unicast signal such as L1/L2 control for UL scheduling, ACKNAK for UL packet, reference signal for channel estimation and measurement, etc …. 
· L1/L1 control will be sent in the first n≤3 OFDM symbols to enable UE micro sleep mode. 

Following sub-frame structures can be seen as latest RAN1 assumption
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Figure 1: RAN1 assumed sub-frame structures with n=3
For convenience, we denote sub-frame carrying MBMS and sub-frame carrying unicast signal only as M-type and U-type respectively.

Scenario: 

· A cell belong to an MBSFN area with normal CP being the default CP

· There is ongoing MBMS session in the area and MBMS signal is transmitted from the cell in certain M-type sub-frames using extended CP 

· An UE receiving
 some types of unicast signal transmitted from the cell for data reception and/or measurement purpose

· Issue: How does the UE know which sub-frame is M-type in order to perform data reception and/or measurement correctly?

The remainder of this paper discusses about this scenario in further details and proposes some solutions to solve the raised issue.

Three basic solutions are discussed in this paper 

· Solution1: System uses some form of signalling to inform the UE about which sub-frame is M-type

· Solution2: System uses suitable M-type sub-frame structure that enables UE to receive some types of unicast signal using normal CP and MBMS signal using extended CP

· Solution3: UE performs blind CP length detection

As shown below above solutions can independently exist or can be combined to form more complete solutions to the raised issue.

2.2 Solution 1
To ease the discussion of this solution, a summary is provided below. 
2.2.1 Summary of some RAN1/RAN2 understandings

There are two types of MBMS logical channel (MCCH and MTCH). BCH will carry information about MCCH configuration and scheduling. MCCH will carry information about MTCH configuration and scheduling. An example of the scheduling can be illustrated as below
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Figure 2: Scheduling of MTCH and MCCH

In the Figure, each sub-frame may contain data of one MBMS service (MTCH) illustrated as different colour. MCCH may contain scheduling for multiple MBMS services over a period of time.
Table 1: Types of unicast signal a UE may need to receive from a cell in different situations
	Situation
	Comment
	Types of unicast signal UE need to receive from a cell A

	Situation1
	UE in idle state and camping on the cell A
	PCH, BCH, RS

	Situation2
	UE in active state monitoring L1/L2 control channel from the cell A and reporting CQI
	L1/L2 control channel, ACK for UL packet, RS, SCH

	Situation3
	UE in idle state and measuring the cell A (as a neighbour cell) for reselection
	RS, BCH

	Situation4
	UE in active state and measuring the cell A (as a neighbour cell) for handover
	RS, BCH?


2.2.2 Details of the solution

The UE find out about which sub-frame carrying MTCH by receiving MTCH scheduling info on MCCH. This implies that structure of MTCH scheduling info on MCCH must be designed so that 

· Any UE can extract this info regardless of whether the UE is interested in MBMS or not 
· Any UE can receive this info with very low error rate, minimum wakeup time, from anywhere in the MBSFN area. One way to enable this is to transmit this info in MBSFN manner like MTCH (Note1)
Note1: This means this info (part of MCCH) needs to be sent in M-type sub-frames. The UE find out about those sub-frames by receiving MCCH scheduling info on BCH, which in turns must be received with very low error rate even if the UE is not camping on the cell.     
Advantage:

· The L2 signalling provides sub-frame type information with virtually no impact on Node B L1 and no complexity increase for UE L1. Note that L2 signalling need to carry scheduling information for MCCH and MTCH anyway.

Disadvantage:

· There could be restriction on structure of MTCH scheduling info as mentioned above

· UE may miss MCCH scheduling info and/or MTCH scheduling info
· There could be issue with battery consumption for those UE who just want to have proper reception of some types of unicast signal in certain sub-frames but now needs to receive MCCH scheduling info and MCTH scheduling info for all active MBMS services UE not even interested in. 

· It may be complicated and demanding for some UE in Situation3 and Situation4 in Table 1 to MCCH scheduling info and then MTCH scheduling info from the neighbour cells belong to MBSFN areas that do not include the serving cell.   

From these issues, it can be seen that Solution 1 alone would not ensure that the UE will correctly perform unicast data reception and/or measurement.   

2.3 Solution 2
This solution is illustrated in Figure 3 where a new M-type sub-frame structure is proposed for use when MBMS and Unicast signals are multiplexed in the same sub-frame. 
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Figure 3: New M-type sub-frame

In the new sub-frame, the first n=3 OFDM symbols always use normal CP for transmitting unicast signal only
 and the remaining OFDM symbols use extended CP where most of the RE are used for transmitting MBMS signal. 

Advantage 
· UE in Situation2 in Table 1 can always receive/utilise unicast signal (especially L1/L2 control) in the first n OFDM symbols without knowing the sub-frame type. 

Disadvantage

· UE may not be able to correctly receive/utilise unicast signal in the n+1, n+2… OFDM symbols. 

2.4 Solution 3

In this solution, the UE uses cross correlation of the replica of the unicast RS in the 1st OFDM symbol
 with the received signal to detect if the sub-frame is M-type or U-type. Though the solution is applicable to both assumed (Figure 1) and new (Figure 3) M-type sub-frames, we use only new M-type for further explanation.    

To enable 2-hypotheses testing, two possible sub-solutions 3.1 and 3.2 are discussed here.  
2.4.1 Solution 3.1

System operation: 
· Two different RS sequence is used in the 1st OFDM symbol in U-type and M-type sub-frame. 
UE operation: 

· During the 1st OFDM symbols, UE perform 2 correlations using two different replicas to generate two profiles.   
· At the end of the 1st OFDM symbol, UE decide the sub-frame type based on which profile has stronger peak. 
· An error in RS sequence detection leads to error for L1/L2 channel decoding.  

2.4.2 Solution 3.2

System operation:

· In the 1st OFDM symbol, same RS sequence before IFFT is used in both of the M-type and U-type sub-frame. However, after IFFT, a fixed non-zero cyclic delay is applied to the first n OFDM symbols in the M-type sub-frame.
UE operation:

· During the 1st OFDM symbols, UE perform 1 correlation using the replica corresponding to U-type sub-frame to generate one profile. One out of two possible hypothetical peaks would appear in the profile depending on which type of sub-frame has been transmitted. The distance between the two peaks depends on the amount of cyclic delay applied to the first n OFDM symbols in M-type sub-frame.
· At the end of the 1st OFDM symbol, UE decide the sub-frame type based on which hypothetical peak is stronger. 
· An error in detection does not lead to error for L1/L2 channel decoding since cyclic delay applied in the first n OFDM symbols is transparent to the UE.  
2.4.3 Performance of Solution 3.1 and 3.2

Both solutions should have similar performance which is presented below for solution 3.2 only. In the simulation, random QPSK RS and data is generated in each sub-frame.
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Figure 3: Performance of Solution 3.2 
From above, following conclusion can be drawn:

· In 1.25MHz system (most challenging case), UE can correctly detect CP length 87% of time at G=-6dB ((98% coverage) 

· In 1.25MHz system, using power boosting of 3dB,  UE can correctly detect CP length 94% of time at G=-6dB  

· Performance gain in case of 10MHz and 5MHz system over 1.25MHz system is 7dB and 5dB respectively. In 5MHz and 10MHz system UE can correctly detect CP length 97% and 99% of time at G=-6dB
· Additional performance gain of 2-4dB is expected if 2 Tx antennas are used  
2.4.4 Pros & cons of Solution 3.1 and 3.2

Advantage
· Blind detection can be a cheap solution for the system

Disadvantage

· Slight increase in UE L1 complexity due to blind detection

· System need to use either 

· 2 RS sequences in case of solution 3.1 OR 
· cyclic delay for M-type sub-frame in case of solution 3.2 

3 Conclusion and Recommendation

This paper discusses the possible negative impacts of dynamic CP length change in a cell (due to mixed MBMS and unicast transmission in the cell) on the correctness of the UE operation while receiving some types of unicast signal from the cell for data reception and measurement purpose. Some solutions are described. The recommendations below should be considered as RAN1 working assumption for further discussion.
Recommendations:         

· Solution 1 should be implemented if 
· the restriction on designing of transmission mechanism for MCCH scheduling and MTCH scheduling info is not seen as major challenge AND 
· the UE can utilise this signalling in majority of the situations. 

· Solution 2 is recommended regardless of whether Solution 1 is feasible or not. 
· Solution 3 is recommended if no other major impact is identified.
Combination of some (or all) above solutions would form a more complete solution to the raised issue. Further discussion on this is needed.      
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5 Annex

	CP
	Cyclic Prefix

	CD
	Cyclic delay

	RE
	Resource element 

	RS
	Reference signal

	BCH
	Broadcast channel (transport)

	PCH
	Paging channel (transport)

	SCH
	Shared Channel (transport)

	L1/L2
	Layer 1/ Layer 2

	ACK
	Acknowledgement

	MBMS
	Multimedia Broadcast and Multicast Service

	MBSFN
	MBMS single frequency network transmission

	MTCH
	MBMS Traffic (Data) Logical Channel 

	MCCH
	MBMS Control (Signalling) Logical Channel

	TF
	Time Frequency

	DL
	Downlink

	UL
	Uplink

	SIB
	System Information block









































� We use term “unicast” for cell-specific signal as oppose to “MBMS” for multi cells signal  


� Signal can be of following types: control, data, reference, etc …


� It is assumed that every UE knows the default CP used in the cell it receives signal from.


� Mainly L1/L2 control for UL, RS and ACKNAK


� RS in the 1st OFDM symbol is used to minimize the delay for unicast control and data decoding.
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