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1
Summary

We propose to adopt the following for E-UTRA:

· Support of frequency selective (FSS) and frequency diverse (FDS) scheduling techniques

· FSS and FDS users can be multiplexed within same TTI

· Define the notion of a subband == set of physical resource blocks (PRB)
· Subbands intended for FDS and FSS indicated on primary BCH

· Semi-static separation of FSS and FDS users in time and frequency

· FSS

· Virtual RB mapping is such that the allocated bandwidth (Physical RB) is contiguous

· FDS

· Downlink

· Virtual RB mapping is such that the allocated tones (Physical RB) are uniformly distributed across all the subbands reserved for FDS

· Uplink

· Virtual RB mapping is such that the allocated bandwidth (Physical RB) is contiguous

· Intra-TTI frequency hopping allowed within a TTI for FDS

· Downlink

· Fast hopping – one hop per OFDM symbol
· Uplink

· Slow hopping – one hop at 0.5ms subframe boundary
2
Discussion
2.1
Overall Structure

We propose to multiplex FSS and FDS users in the following manner:

The entire available bandwidth is split into multiple subbands in UL and DL

· A subband denotes the least unit of bandwidth that can be earmarked for all FSS or FDS users

· A subband contains an integer multiple of RBs

· Example:

· 5 MHz numerology

· 4.5 MHz useful bandwidth split into 5 subbands of 900 KHz each

· This is shown in Figure 1 wherein subbands {0, 1, 3} are intended for FSS users and subbands {2, 4} are intended for FDS users
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Figure 1

Subband Partitioning – Downlink – 5 MHz
The available bandwidth is semi-statically split into subbands earmarked for FSS users.

The timeline is split into multiple TTIs. The frequency allocation for FSS varies in time across multiple TTIs. This ensures that the scheduler exploits frequency selectivity across the entire system bandwidth.

In the primary BCH (primary broadcast channel containing system parameters), the following information is signaled:

· Subband bit mask for all shared data channel TTIs within the P-BCH signaling period

· 0 indicates that this subband is reserved for FDS

· 1 indicates that this subband is reserved for FSS

· A fixed relationship between the subband bit mask for TTI 0 and the rest of the TTIs reduces the signaling overhead

· Cyclic shifted bit mask modulo the number of subbands

· Example:

· Five subbands, each spanning 900 KHz, in a 5 MHz system

· Two subbands are reserved for FSS

· Bit mask for TTI 0 = {1,1,0,0,0} signaled on primary BCH

· Bit mask for TTI 1 = {0,0,1,1,0}

· Bit mask for TTI 2 = {1,0,0,0,1}

· Bit mask for TTI 3 = {0,1,1,0,0}

· Bit mask for TTI 4 = {0,0,0,1,1}

· Bit mask for TTI 5 = {1,1,0,0,0} = same as for TTI 0

· Etc.

This is shown in Figure 2 with two examples.

In the left side figure, 2 subbands out of 5 are reserved for FSS users. In the right side figure, 1 subband out of 5 is reserved for FSS users. 

In both cases, the frequency location of FSS subband varies in time in a deterministic cyclical manner.
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Figure 2

Time Varying FSS Subband Frequency Location – {2/5, 1/5} fraction for FSS
2.2
Frequency Hopping

For E-UTRA, we envisage frequency hopping for two purposes:

· Channel diversity

· This is useful in scenarios when the scheduler cannot rely on channel sensitive or frequency selective scheduling – e.g. VoIP, high speed, etc.

· Interference diversity

· In the absence of any coordination across e-NodeBs, the inter-cell interference is uniformly distributed across the entire bandwidth even in partial loading scenarios

In essence, frequency hopping is used as the baseline technique for frequency diverse scheduling (FDS).

2.2.1
Downlink

As stated earlier, each FDS user’s VRB is spread uniformly across all the subbands denoted for FDS use. This is shown in Figure 3.

With this structure, any UE scheduled in FDS achieves maximum frequency diversity on the channel from serving cell. Fast tone level hopping every OFDM symbol implies 14 hops within 1ms TTI. This allows us to have pseudo-orthogonal hopping patterns across cells and minimizes tone collisions of the allocations of two users across different cells. The hopping pattern is implicitly derived from the cell ID and need not be explicitly signaled.
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Figure 3

Frequency Hopping – Downlink 
2.2.2
Uplink

As stated earlier, each uplink FDS user relies on intra and inter-TTI hopping. 

In case of intra-TTI hopping, the UE hops once at the 0.5ms boundary within 1ms TTI, utlizing a cyclic shift (top) or mirror transposition (bottom), as shown in Figure 4. In case of inter-TTI hopping, the UE hops every TTI in the corresponding HARQ process. 

In Figure 4, we consider the case wherein the entire bandwidth is allocated to FDS users.
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Figure 4

Frequency Hopping – Uplink – No FSS
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Figure 5

Multiplexing FSS and FDS – Uplink 

3
Observations

We make the following observations on the multiplexing structures outlined in section 2:

· Figures 1 and 5 allow complete flexibility to multiplex FDS and FSS users in the same TTI, in increments of subbands.

· The subband bandwidth need not be fixed in the specification. The scheduler may pick the subband bandwidth based on the deployed scenario or on a slow varing semi-static basis. The only restriction is that each subband should contain an integer number of RB. 

· For instance for 10 MHz, there are 50 RB. One can have:

· 10 subbands of 5 RB each => Bandwidth to exploit frequency selectivity = 900 KHz

· 5 subbands of 10 RB each => Bandwidth to exploit frequency selectivity  = 1800 KHz 

· The scheduler needs to make decision based on the tradeoff between signaling overhead and capacity

· Figure 2 ensures that the scheduler exploits frequency selectivity across the entire system bandwidth

· The same concept is used in uplink when Figure 2 is coupled with Figure 5

· Figure 3 ensures that in the downlink, FDS users benefit from maximum frequency diversity available in the system in any given TTI
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