3GPP TSG RAN WG1 Ad Hoc on LTE
Tdoc R1-050636
Sophia Antipolis, France, 20 – 21 June, 2005
Source:
ZTE

Title:
EUTRA Downlink Unicast and Multicast Macro Diversity

Agenda Item:
4.3 Macro-Diversity Gains
Document for:
Discussion

1.
Introduction

During the discussion in Greece, Macro diversity issue has become a hotspot [1]. And the investigation of the macro-diversity gains should be provided as the input for the architecture discussions in RAN2/RAN3/SA2. This presentation clarifies the options on the physical layer multiplex scheme and handover method on DL unicast and multicast. 

One of the main macro diversity methods in WCDMA R99 downlink release is soft handover, whenever the soft handover between cells in intra Node B or in inter Node B.

HSDPA discards the soft handover and uses hard handover. The delay of cell changes causes some problem on real time service QoS on handover condition.
The decisions on physical layer multiplex scheme and soft handover for DL unicast and multicast should depend on the requirements of long-term evolution [2]; this related requirement is “Enhanced support for MBMS”;
2. Discussion

2.1
Unicast , Multicast and Broadcast

The difference between unicast, multicast and broadcast characters deeply affect the physical layer scheme of these three DL link mode.

As the RAN1 chairman’s report [3] describing in Quebec meeting, majority of companies proposes an OFDM based downlink. This analyze is based on the OFDM downlink.
For unicast , it is on point to point mode ; for multicast, it is on point to group (maybe not all user, not in one cell) mode; So it is reasonable that there may be different physical layer multiplex scheme suitable for the different cast mode. 

For unicast , the flexible or hopping TDM/FDM pattern  would be suitable for point to point user , as the gain can be got from the user diversity or frequency diversity . And by the fixed or flexible sub carriers coordination between Node Bs [5][6], the interference in cell edge areas will be mitigated or suppressed. 

For multicast, fixed or half-fixed (modification is notified by network) TDM/FDM (or hybrid TDM/FDM) pattern may be the most suitable scheme for all user, as group user or all user can share the same time frames and sub carriers to receive non-privacy data simultaneously. 

All the Node Bs for multicast service only need transmit the same data on the same TDM/FDM pattern; no need to coordinate the time frame and the sub carriers between all the different Node Bs, The coordination of the time frame and the sub carriers between all the Node Bs is more complex and less efficiency.  Whichever multiplex scheme selected, the collision with unicast link in time and frequency domain must be avoided.

2.2 Physical Layer Multiplex scheme on Multicast Consideration
So we assume two kinds of chunks: one is for unicast, the other is for multicast.
For unicast, the chunks are flexible on TDM/FDM pattern. 

For multicast, the chunks are fixed or half-fixed on TDM/FDM (or hybrid TDM/FDM) pattern. 

As the figure below described, Green blocks at a) are the typical FDM multicast chunks, distributed at all slots, Green blocks at b) are the typical TDM multicast chunks, or multicast slots, and Green blocks at c) are the typical half fixed hybrid TDM/FDM multicast chunks.
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2.3
Soft handover on DL Unicast

From the [4] suggestion, many companies comment to continue to use the HSDPA handover concept on E-UTRA, and consider the fast cell selection to improve spectral efficiency and cell-edge data performance.
Due to the concept of HSDPA handover is under the same frequency network condition, the interference from inter Node Bs is not mitigated or suppressed. Under the OFDM downlink assumption, we could use the Interference coordination strategy described in [5], or soft frequency reuse scheme described in [6] to mitigate or suppress the interfere from the adjacent Node Bs. May be we could conclude these method as the Node Bs fixed frequency coordination and flexible frequency coordination for UE in handover region. When UE in handover region, it will not hear the same sub carriers used in serve cell transmitted by adjacent Node Bs, and the quick frequency handover between different Node Bs is feasible.

Besides the interference coordination method, furthermore we can consider the scrambling code method to make interference into white noise; and spreading method to get the spreading gain and avoid the waste when using big chunks; and maybe low-rate coding also can get more gain on the big chunks.

To mitigate the interference from cells in the same Node B, the handover method may be different. The better method is maintaining the DL soft handover between the cells of the same Node B. As the nature pattern of directional antenna and non ideal front-back ratio, the cells of the same Node B have large ratio overlap area for -3dB margin, so if canceling the soft handover between the cells, the interference can sharply degrade the DL SIR gotten in cell, even in the center area of cells. The Interference coordination strategy described in [5][6] cannot handle this condition, it will make the frequency coordination more complex and degrade the frequency reuse factor, for example, we can’t get the reuse factor equals 1 in cell center. 

As the below figure described: the cell 1,2,3 and cell 4,5,6 belong to two different Node Bs M and N. In the overlap area a,b,c of cell 1,2,3 beam, soft handover is used. In the overlap area d,e, of Node B M and N beam, soft handover is not used, maybe instead of fast cell selection. And in the overlap area f of the hybrid intra Node B and inter Node B, the UE will select the best Node B depending on the cell 1 strength and the cell 5,6 combined strength.
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By some method, UE can have the knowledge that some radio links are from the same radio link set, so UE can distinguish the signals coming from cells in the same Node B from the signals coming from the different Node B. And for radio links in the same radio link set, the multi path time delay variance is small and easy to soft combine the signals in UE.

2.4 Soft handover on DL Multicast

Multicast is a point to multipoint transmission scheme, and network can’t assume the location of all the related UE for the complexity reason, so one possible way is to broadcast in all the Node Bs inside the special area, and UE uses the mask id or scramble id to distinguish the date belonging to this UE.

For the LTE requirement “Enhanced support for MBMS”, downlink soft handover gain between cells is very essential for this target as the multicast may use the shared the same time frames and sub carriers scheme. Whichever multiplex scheme selected, UE will receive the same sub carriers from different Node Bs, so the interference in soft handover can` t be ignore if UE don’t combine the data from different Node Bs. The time and frequency shared by the multicast user can be reserved on network planning phase or flexible scheduled by Node Bs.

Common combine method consists of selection combine and soft combine, soft combine gain is higher than selection combine gain, and in WCDMA system, and soft combine in UE is widely used. 

As the soft combine on DL multicast is under the same frequency, UE equalizer can suppress the interference of the signals from different Node Bs as multi path. It will not append more complexity on UE’s RF and base band than UE receiving the two or more frequency. 

2.5 Conclusion

1. Unicast , multicast and broadcast have different characters which deeply affect the physical layer scheme. We assume two kinds of chunks, one is for unicast; the other is for Multicast. Unicast chunks are very flexible on TDM/FDM pattern. Multicast chunks are fixed or half-fixed on TDM/FDM pattern.
2. Handover method on DL unicast between inter Node Bs continue to use the HSDPA handover method. The interference is mitigated or suppressed by fixed or scheduled frequency coordination.
3. Soft handover method on DL unicast between intra Node Bs may be continue to use as WCDMA R99 method, as the interference is serious at the overlap area, and hard to mitigate or suppress by the known ways described in former proposals.
4. For DL multicast, soft handover is used as the requirement on enhanced MBMS, especially at cell edge.
5. Soft combine on DL multicast under the same frequency and time is a more suitable combine method for multicast macro diversity.
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