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1
Introduction
In this document, MBMS user plane is discussed, focusing on the Dedicated Cell (DC) deployment scenario. For this scenario it is assumed that Multi-Node-B Single Frequency Network (SFN) Transmission is the only mode of transmission for MCH. The transmission is DL only. No UL transmission is assumed. 

This document discusses and proposes both network architecture and radio protocol architecture, which are inter-related.
2
Architecture 
Here we compare two different network architectures, one node-B centric architecture, with most of the radio protocol stack in the node B, and a centralized architecture, with most of the radio protocol stack in a central Node, which is here named DC-GW, Dedicated Cell Gateway. 

The main technical issue is the SFN transmission in the air interface, which requires that all SFN transmitters transmit the same output simultaneously, including both data and control information. Time synchronization is required to be on micro-second level. 

To support SFN transmission across different Node Bs: 

· Protocols in different Node B must behave in a predictable way that is the same across different node Bs, to ensure that data is segmented, coded, modulated, multiplexed the same way. 

· If there are any sequence numbers, it must be assured they are the same for the different SFN transmitters, also across different node Bs. 

· If there are any states in the protocols, it must be assured that protocol states are synchronized for the different SFN transmitters, also across different node Bs
· The radio protocol transmit timing must be coordinated across Node Bs. 
2.1
Node B centric alternative
This alternative would utilize a protocol stack that is similar to the LTE unicast user plane protocol stack [1]. 
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Figure 1 MBMS DC User-plane protocol stack, alt 1 
Pros: 
· Node B centric architecture – Similar to the unicast architecture.

Cons:
· For 100% predictable transmission output, the dynamics or adaptivity of the Node B user plane need to be minimized, i.e. in this architecture, all of RLC, MAC and L1 need to be hard-coded (standardized) or O&M configured to great extent. 

· RLC, MAC and L1 need to be simple and stateless, alternatively complex inter-Node-B protocol state synchronization would be needed. 
· Even if such simplicity and statelessness could be achieved initially, this would be a serious limitation whenever the functionality is evolved. 

· It is difficult to make this work at all, e.g. how would a network packet loss or delay jitter be handled, between the GW and the Node Bs without central coordination of radio resource usage and transmit timing ? 

· The Node Bs need to know when and how to output data, also when data is missing, too late etc.

2.2
Centralized alternative
In this alternative, as much as possible/reasonable of the radio protocol stack is not in Node B but in a centralized node. It is assumed that the geographical coverage of the central Node, the DC-GW, is sufficient to cover any SFN area, meaning that there are no requirements that the UE shall SFN-combine transmissions from different DC-GWs. 
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Figure 2 MBMS DC User-plane protocol stack, alt 2 
Pros: 

· For all the protocols in the centralized node the coordination to ensure that protocol headers, multiplexing, segmentation, sequence numbers etc are the same across multiple Node Bs is for free. 
· There are no requirements, imposed by the nature of SFN transmission, that the protocols in the centralized node need to be particularly simple or stateless etc. Thus, this architecture allows more functional flexibility and has thus less risk for the future.

· If the functionality to select radio resources and radio transmit timing per PDU is in the centralized node, then packet loss or delay jitter in the transport network could more easily be handled.

· The functionality in the Node B still need to be predictable, stateless etc

· As only L1 would be in Node B, this would be easier to achieve

· MAC is a very suitable “higher layer” that could assume the master role in a master-slave relationship controlling the physical layer(s) in different Node B to behave in identical way.

· Interoperability with mixed-vendors Node Bs would be easy to achieve, as there could be a clear and simple master-slave relationship between Node B and DC-GW. 
Cons:
· More complexity if interaction between unicast and MBMS SFN transmission is needed, e.g. feedback schemes for AMC (adaptive modulation and coding) (probably not applicable for MBMS Dedicated cell scenario).  
It is evident that the centralized architecture is better for MBMS dedicated cell scenarios with SFN transmission. This is also the assumption for the remainder of the document. 
3
Radio Protocol Functionality for MBMS SFN transmission

Following the reasoning and conclusion above, for the centralized architecture, the following radio protocol functionality is proposed.
3.1
PDCP

The PDCP protocol layer could be similar to Rel-6. Ciphering and/or Integrity protection is assumed not needed (done between the BM-SC and the UE). 

Main Functions: 

· Header Compression.
3.2
RLC
Main Functions: 

· Segmentation, concatenation and padding to TB size (FFS, could also be done by MAC)
3.3 
MAC
Main Functions: 

· Mapping between logical channels and transport channels;
· Multiplexing of packets of different MBMS services, identified either by MAC header and/or by mapping to particular physical resources.
· Transport format selection (FFS, could be semi static).
· Per transport block(s) selection of Radio Resources and Radio Transmit Time (transmit scheduling could be controlled by RRC).
· Explicit Control of L1 (possibly by using a frame protocol between Node B and DC-GW).
3.4
Layer 1
For MBMS SFN, the physical layer include little or no independent dynamic functionality, where decisions are taken by physical layer algorithms. Mappings, multiplexing, diversity, modulation and coding are controlled by higher layers or semi-statically configured. Synchronization needs to be coordinated over several Node Bs. 

Main Functions:
· FEC encoding/decoding;
· Power weighting of physical resource;
· Modulation and demodulation of physical channels;
· Frequency and time (symbol, subframe, frame) synchronisation;
· Physical layer mapping;
· Multiplexing of physical channels;
· RF processing;
· Support for diversity;
Conclusions
It is evident that the centralized architecture is better for MBMS dedicated carrier with SFN transmission. For this architecture, also protocol functional distribution is proposed.

We propose that the topic in this document is discussed and that the centralized network architecture and the proposed protocol functionality are agreed and documented, for the MBMS Dedicated cell SFN transmission scenario. 

Huawei are happy to provide CRs if needed. 
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