

Agenda Item:
4.3
Source: 
NEC Group
Title: 
Macro-diversity for E-UTRA
[image: image3.wmf]
1 Introduction

In E-UTRA discussions in RAN1 in the previous few meetings, one of the issues identified is the required support of macro-diversity for the new E-UTRA channels. Input documents have been presented ([1], [2], [3]) airing the preferences of companies regarding the support of macro-diversity. As agreed during discussions at the LTE workshop in Quebec, RAN1 has been tasked to identify the potential gain from macro-diversity for E-UTRA during the current adhoc meeting. In this document, we highlight the options available for macro-diversity in the downlink and the uplink and suggest our preferred method in each case. Also we investigate the impact of macro-diversity to overall system architecture in conjunction with other EUTRAN requirements, i.e. U plane latency and network simplicity.
2 Macro-diversity in E-UTRA
2.1. Downlink
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In WCDMA, downlink macro-diversity in the form of soft handover exists for the dedicated physical channel DPDCH. Identical data is transmitted in the downlink from all Node B’s in the UE’s active set and the received data is soft combined at the UE before turbo decoding. The combining is principally possible because of the identical transport formats (coding rate, transport block size etc.) used in the transmissions from all the concerned Node B’s and the continuous (ie non scheduled) nature of the transmissions on the dedicated channels.
SHO has not been retained for HSDPA principally because of the scheduled nature of the transmission and the possibility to use different AMC sets for the transmission from different Node B’s which can complicate soft combining and decoding. Also, in HSDPA, AMC and fast layer 1 HARQ were adopted thereby reducing the gain obtainable from macro-diversity.
Since E-UTRA physical channels are expected to have similar features to HSDPA channels, it is preferable to adopt a macro-diversity mechanism similar to that existing for HSDPA systems. 
With this in mind, we think the following handover options should be considered for unicast services –
· Hard handover

· Fast Cell Selection for Intra-Node B handover – For cells connected to the same Node B, the UE should be able to perform fast cell selection of the best candidate cell at any one time. The frequency of cell selection and updating could be as fast as TTI duration or FFS. This ensures that the link quality to the UE is always maintained at the target level. Also – correlation in the channel conditions amongst such cells could lead to possible usage of identical time-frequency resources before and after cell reselection depending of course on the loads of the individual cells. Even if that is not possible, since the Node B has sufficient knowledge of the channel conditions and interference situation in all its cells, it is easier for the Node B to allocate an optimum set of time-frequency resources for the UE in the new cell
· Possible Fast Cell Selection for Inter-Node B handover – A similar mechanism as in the above paragraph can be adopted in the case of inter-Node B handover. However, the speed of such cell selection is strongly dependent on the communication mechanism between the concerned Node B’s. Also, current Node B’s do not have knowledge of the interference situations at their peers in the network making dynamic allocation of optimum time-frequency resources difficult. If current RNC centric architecture is maintained, it may not be possible to have the same speed of cell selection as in the case of intra-Node B handover. A possible new standardised interface between the Node B’s may alleviate part of the problem, but a decision on that is expected to come from the architecture evolution discussions in other working groups.
For multicast services requiring soft combining at the UE, reasonably synchronised services should be allowed from the concerned Node B’s to enable diversity combining at the UE. 

The performance of the different schemes proposed should be evaluated under the agreed simulation assumptions in forthcoming meetings.

2.2. Uplink

Similar to the case for the downlink, SHO exists for the uplink DPDCH in WCDMA whereby the UE signal is received at multiple Node B’s. In E-UTRA, obviously the transmitted signal from the UE will be available at different Node B’s in the network, although with different signal strengths depending on the UE position. The following options for handover exist in this case – 

· Inter Node B Case

· Hard handover

· Soft Combining in one of the Node B’s

If soft combining is to be performed in one of the Node B’s receiving the signal, additional inter Node B interface will be required. The actual Node B which does the combining is not expected to have any impact on performance, as long as the data are correctly decoded and there is no large delay penalty in transferring the data packets over the inter Node B interface

· Selection combining
Each Node B forwards to the network a successfully decoded packet. Multiple successfully decoded packets are ignored at the higher network layers and a single correct packet is forwarded. This method requires intimation of the UE that a packet has been successfully received at the network element in order to prevent unnecessary requests for retransmissions of correctly received packets from the other Node B’s. One possible method of achieving this is to transmit ACK’s from all Node B’s in the macro-diversity link once a packet has been received and decoded correctly by any one Node B
· Fast Cell Selection

In this case, the UE chooses the “best” uplink cell based on some signalling information from the Node B’s eg CQI reports. The UE transmits using the MCS appropriate for the chosen Node B. Retransmissions are controlled by the chosen Node B while other Node B’s ignore the UE signal
· Intra Node B Case

· Soft combining

As per R99, node B combines the received signals from different sectors.

· Fast Cell Selection

This is simpler than in the inter Node B case because the signal is received by the same Node B independent of which cell is chosen. In this case, once a new cell is chosen, retransmissions are still controlled by the same Node B as before the selection process
Looking at the requirements of the different schemes, it seems that selection diversity provides the simplest solution without requiring major changes to the network architecture. Of course, as in the case of the downlink, performance of different schemes need to be checked with simulations once the link and system parameters have been agreed.
2.3. Impact of macro-diversity on overall EUTRAN architecture 
The issue of soft-handover is closely related to the issue of U plane latency as illustrated in the figure below. EUTRAN requirement on U plane latency, i.e. 5 ms unidirectional IP packet delivery within EUTRAN radio protocol [3], is one of key target performance to improve the user experience significantly.  Current UTRAN architecture is based on U plane termination at RNC where RLC and PDCP layers are located. Therefore overall U plane delay spans up to 5 UTRAN nodes (UE, 2 node B, serving and drifting RNC) and 5 UTRAN interfaces (2 Uu, 2 Iub and 1 Iur).  Meeting the tight overall latency requirement will impact directly the complexity of each node and each interface, and hence overall system complexity will be increased significantly. For example, this implies a tighter delay requirement on Uu interface such as HARQ RTT, UE and node B processing time, shortening Iub TTI and Iur latency etc.
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Alternatively, EUTRAN can adopt an architecture in which U plane is terminated at node B. In this alternative architecture, the impact on aforementioned U plane latency requirement is isolated only within 2 EUTRAN nodes (UE and node B) and 1 EUTRAN interface (Uu). Therefore Uu interface designer can enjoy increased Uu delay budget when designing HARQ RTT, UE and node processing times etc. Furthermore the overall system architecture can be simpler, hence enabling possibility of “low cost per bit” which is also a main requirement of EUTRAN.
3 Conclusion
In this document, NEC has proposed
· for downlink, intra-node B: fast cell selection for uni-cast service and softer handover for multicast service, inter-node B: hard handover 

· In uplink, intra-node B: inter-sector diversity, inter-node B: hard handover 
Additionally, we have also shared our view on the impact of macro-diversity to overall system architecture in conjunction with other EUTRAN requirements, i.e. U plane latency and network simplicity.
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