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1 Introduction

RAN2 agreed to introduce a new SIB (SIB15) to indicate the MBMS capable UE of the following assistant information by serving eNB:

· The SAIs of the current frequency (optional, i.e. typically for MBMS cells)

· A list of  SAIs of each neighbouring MBMS frequency (any cell)

The intent of SIB15 is to provide MBMS service continuity by sending MBMS assistant information to the UE and avoid the UE to tune to another frequency to read SIB and MCCH.  Although it covers most of scenarios with different multiple frequencies/bands deployments, it may not cover Heterogeneous Network (HetNet) deployment where one macro cell may include multiple pico cells for boosting capacity and richer user experiences.
2 Discussion 

In this section we discussed two use cases that may create problems.
2.1
Use Case 1
The coverage of a macro cell operating in one frequency band may include a few pico cells that provide same or different MBMS services in another frequency band. Figure 1 shows an example of this deployment scenario:

· Cell 0 on frequency F0 where there is MBMS support with SAI0. For example, a national MBMS program is provided in this area.

· Pico-Cell 1 on frequency F1 with SAI1. For example, it is used for boosting unicast capacity and to provide the same national MBMS program as cell 0.

· Pico-Cell 2 on frequency F1 with SAI2. For example, it is used to provide the different MBMS services than F0 such as in-venue services in stadium.
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Figure 1: First example of MBMS deployment in HetNet Scenario
According to current RAN2 agreement, SIB15 that is sent by each eNB contains the following information: 
· SIB15 broadcast by Cell 0 eNB consists of SAI0 of F0 (serving frequency); F1 (neighbor frequency) and associated SAI1 and SAI2. 

· SIB15 broadcast by Pico-Cell 1 eNB consists of SAI1 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0.
· SIB15 broadcast by Pico-Cell 2 eNB consists of SAI2 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0.
In Figure 1, when the UE is moving to pico cell from Macro Cell 0, the UE can not distinguish if it is entering to Pico-Cell 1 or Pico-Cell 2 unless the UE tunes to F1 and reads SIB. For example, when the UE is within macro cell coverage with reception of a MBMS service provided in SAI0, and if it is moving to Pico-Cell 1, the UE may want to switch to F1 to continue the service if Pico-Cell 1 on F1 provides relatively higher signal strength. However, when the UE is within macro cell coverage with reception of a MBMS service provided in SAI0, and if it is moving to Pico-Cell 2, the UE may not want to switch to F1 as long as the UE can receive sufficient signal strength from Macro Cell 0 eNB because  F1 provides totally different MBMS services. Furthermore, the UE may want to know what MBMS services that Pico-Cell 2 has provided under SAI2 so that it can indicate the user what services are available based on information received from both USD and SIB15. 
2.1
Use Case 2

The coverage of a macro cell operating in one frequency band may include a few pico cells and some of them provide none of MBMS services and some others provide different MBMS services in another frequency band. Figure 2 shows an example of this deployment scenario:

· Cell 0 on frequency F0 where there is MBMS support with SAI0. For example, a national MBMS program is provided in this area.

· Pico-Cell 1 on frequency F1 with none of MBMS service provided. For example, it is used only for boosting unicast capacity.

· Pico-Cell 2 on frequency F1 with SAI1. For example, it is used to provide the different MBMS services than F0 such as in-venue services in stadium.


[image: image2.emf]Macro Cell

freq. F0

Cell 0: SAI0

freq. F1

Pico Cell-1

None MBMS

freq. F1

Pico Cell-2: 

SAI1


Figure 2: Second example of MBMS deployment in HetNet Scenario
According to current RAN2 agreement, SIB15 that is sent by each eNB contains the following information:
· SIB15 broadcast by Cell 0 eNB consists of SAI0 of F0 (serving frequency); F1 (neighbor frequency) and associated SAI1;  

· SIB15 broadcast by Pico-Cell 1 eNB consists of only F0 (neighbor frequency) and associated SAI0 because serving frequency doesn’t support any MBMs services;

· SIB15 broadcast by Pico-Cell 2 eNB consists of SAI1 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0.

In Figure 2, when the UE is moving to pico cell from Macro Cell 0, the UE can not distinguish if it is entering to Pico-Cell 1 or Pico-Cell 2 unless it tunes to F1 and reads SIB message. For example, when the UE is within macro cell coverage with reception of a MBMS service provided in SAI0, and if it is moving to Pico-Cell 1, the UE may not want to switch to F1 as long as it can receive sufficient signal strength from Macro Cell 0 eNB because F1 provides no MBMS services. However, when the UE is within macro cell coverage with reception of a MBMS service provided in SAI0, and if it is moving to Pico-Cell 2, the UE may want to know what MBMS services Pico-Cell 2 has provided under SAI1 so that the UE can indicate the user what services are available based on information received from both USD and SIB15. The user can choose to continue receiving current MBMS service; or choose to stop receiving current MBMS service and select the MBMS services that are provided by Pico-Cell 2 (for example, in-venue services). 
3 Proposals 
In LTE system, the Physical Cell Identities are organized into 168 Cell ID groups. Each Cell Identity Group is uniquely identified by 1 to 168 possible pseudo random sequence (0…167) transmitted in the SSS (Secondary Synchronization Signal). Each Cell Identity Group contains 3 unique Cell ID indexes, which is uniquely identified by 1 of 3 transmitted in the PSS (Primary Synchronization Signal). Figure 3 shows the Physical Cell Identity which is defined by the combination of the Cell Identity Group and Cell ID index, resulting in 1 of 504 possibilities.
To overcome the problems described from section 2, we propose to add Physical Cell ID (PCI) information associated with SAI for neighboring frequencies/cells in SIB15. 
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Figure 3: PCI Structure and Determined from PSS and SSS
Specifically in Use Case 1 specified in Section 2.1, SIB15 will contain the following information:
· SIB15 broadcast by Cell 0 eNB consists of SAI0 of F0 (serving frequency); F1 (neighbor frequency) and associated {SAI1, PCI1} and {SAI2, PCI2}.  

· SIB15 broadcast by Pico-Cell 1 eNB consists of SAI1 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0.

Note: To minimize the overhead signaling, PCI0 is not needed to be included under SAI0 in this example because we assume all neighbor cells of Pico-Cell 1 on F0 are belonging to SAI0.
· SIB15 broadcast by Pico-Cell 2 eNB consists of SAI2 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0. 
Note: To minimize the overhead signaling, PCI0 is not needed to be included under SAI0 in this example because we assume all neighbor cells of Pico-Cell 2 on F0 are belonging to SAI0.
With PCI information added, when the UE is moving to pico cell from Macro Cell 0, the UE can distinguish if it is entering to Pico-Cell 1 if it detects PCI1; or if it is entering to Pico-Cell 2 if it detects PCI2 by reading PSS and SSS from the corresponding pico cell. See Figure 4.
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Figure 4: First example of MBMS deployment in HetNet Scenario with PCI Indicated
Similarly in Use Case 2 specified in Section 2.2, SIB15 will contain the following information:
· SIB15 broadcast by Cell 0 eNB consists of SAI0 of F0 (serving frequency); F1 (neighbor frequency) and associated {SAI1, PCI2}.
· SIB15 broadcast by Pico-Cell 1 eNB consists of only F0 (neighbor frequency) and associated SAI0.
Note: To minimize the overhead signaling, PCI0 is not needed to be included under SAI0 because we assume all neighbor cells of Pico-Cell 1 on F0 are belonging to SAI0 in this example.
· SIB15 broadcast by Pico-Cell 2 eNB consists of SAI1 of F1 (serving frequency); F0 (neighbor frequency) and associated SAI0.

Note: To minimize the overhead signaling, PCI0 is not needed to be included under SAI0 because we assume all neighbor cells of Pico-Cell 2 on F0 are belonging to SAI0 in this example.
With PCI information added in SIB15, when the UE is moving to pico cell from Macro Cell 0, the UE can distinguish if it is entering to Pico-Cell 1 if it detects PCI1 or if it is entering to Pico-Cell 2 if it detects PCI2 from reading PSS/SSS from the corresponding cell, so that the UE can choose to stay in Macro Cell 0 or switch to Pico-Cell 2 based on user preferences. See Figure 5.
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Figure 5: Second example of MBMS deployment in HetNet Scenario with PCI Indicated 
5 Conclusion

In this contribution we have addressed the HetNet deployment with MBMS service continuity. 
Proposal 1: Add a list of Physical Cell ID (PCI) information associated with each SAI for neighboring frequencies/cells in SIB15 if the neighboring cells belong to different SAIs.
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