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1. Introduction

Recent submissions and communication on the subject of uplink reference signals for demodulation have dealt with the issue of RS allocation amongst neighboring cells/sectors [1] – [3].  As noted in [3], although CAZAC sequences such as Zadoff-Chu sequences provide accurate channel estimation due to its cyclic-shift orthogonality, the number of available CAZAC sequences is restricted according to the length of the sequence. Employing a narrower transmission bandwidth results in fewer number of CAZAC sequences available for the reference signal for demodulation of the shared data channel due to a shorter sequence length.  
With the form of Zadoff-Chu sequences given by [4]:

 EQ ck = ejM\f(k(k+1),N) , k= 0…N-1, for the same value of M (relatively prime to N) a set of  N orthogonal sequences results; however, for different values of M the sequences cease to be orthogonal, and of course, propagation delay from adjacent cells’ UEs interfering signals may also be injurious to orthogonality between different reference signals if inter-site distances are sufficiently large.  Thus, there is a fundamental problem of a “lack of sequence space” for reference signals.  

Techniques on polyphase sequence design generally trade off self-orthogonality for low cross-correlation ([5], [6]).  However,  given the fact that a DFT-Spread OFDM waveform for data modulation will appear as approximately like bandlimited Gaussian noise, correlation between reference signals and waveforms can in principle be bounded to  EQ \f(1, \r(,N))  (with unity representing perfect correlation), which is often better than what might be obtained from a custom sequence design.  This suggests that, as mentioned in [3], techniques for shifting the reference signals from one UE in a given node B relative to another UE in a different Node B be considered.
In addition, it is a goal of the design for the UL to keep inter-cell resource re-use near unity, and to minimize operator actions on managing the network.  This submission considers the case of synchronized transmissions from different UEs, and how the reference signal space may be expanded by either staggering TTIs or staggering the UL reference signal blocks within a TTI.  If, on the other hand, unsynchronized cells and/or sectors are deployed, the effects achieved with this proposal are realized by nature of the lack of synchronization, thus the proposed scheme is also applicable to the un-synchronized case.  Although this proposal considers staggering uplink reference signals for 1ms TTIs in which the reference signals are allocated to Long Blocks, the proposal is easily modified for a scheme in which reference signals are allocated to Short Blocks.
2. Staggered TTI start times

Recent proposals such as [2] have considered the use of long blocks for reference signals in the uplink.  With a 1ms TTI, with long blocks as reference signals the number of resources available for reference signals correspondingly doubles as well.
We propose that the UL reference signal transmissions from adjacent Node-Bs may be staggered in time, and this can be achieved by staggering the start times of TTIs in different Node-Bs, i.e. each Node-B in a set of Node-B’s time-delays the start of its TTI transmission relative to other Node-Bs in the set, by a fixed number of slot times. Figure 1 depicts an example of staggering TTIs amongst 3 Node Bs With this allocation, any multiple access interference to a reference signal received from UEs with staggered TTIs (which would be data or control) results in essentially white interference (except as modified by the channel transfer function), which would achieve a resource reuse of essentially unity.  The same staggering pattern would clearly be used for multiple reference signals emanating from the same Node B, e.g., for UL MIMO.
There would be an issue of additional buffering of up to 1ms required to enable synchronization past the AN, as well as possible receiver complexity to semi-statically pre-whiten interference to data at the node B;  however, we believe this is a negligible cost compared to ensuring that multiple access interference to reference signals is minimized.

This method may also be used with sequence hopping, Walsh function encoding of reference signals, and so forth, and greatly mitigates the reference signal reuse issue.
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Figure 1 Staggering TTI start times within several cells/sectors.
It is possible to also apply this method to reference signals allocated to Short Blocks with minor adjustments.  However, synchronization within a Short Block +CP is a tighter requirement than synchronization with a Long Block.   

3. Staggering Reference Signal Positions within a TTI
Alternatively, time-staggering of UL RS’s transmission from different Node-Bs could be achieved by staggering the UL-RS symbol allocation within the synchronized TTIs with a granularity of a slot.  Thus with the numerology of 14 Long Blocks per 1ms TTI, the possible positions for reference signals would be as in Table 1.
Table 1  Possible positions for Reference Signals within a 1ms TTI

	Possible positions of reference signals in a given TTI of 1ms

	First Reference Signal Position
	Second Reference Signal Position

	1
	8

	2
	9

	3
	10

	4
	11

	5
	12

	6
	13

	7
	14


As before, there may be a slight increase in receiver complexity at the node B to semi-statically pre-whiten interference to data; however, we believe this is a negligible cost compared to ensuring that multiple access interference to reference signals is minimized.

As explained previously, synchronization within a Short Block +CP is a tighter requirement than synchronization with a Long Block.  
Because it is desired that reference signal allocations be uniformly distributed in time in a data transmission ([7], [8]) Sharp believes that in a synchronized deployment, staggering the TTI start times themselves would be preferable to this approach of staggering the UL RS allocations within a time-synchronized TTI.
4. Unsynchronized Node Bs 
If unsynchronized Node B’s are deployed for 3GPP LTE, then this scheme would be realized anyway; without additional action on the part of the service provider – i.e. the scheme works in an unsynchronized environment with no changes.
5. Trade-offs of staggered RS versus staggered TTIs  

Staggered TTI start times

Complexity: 

· Node B may need to buffer above AN with possibly additional memory to account for differences in delay due to staggering, or this may already be accounted for in buffering requirements.

Performance:

· Optimal performance due to uniform reference symbol allocation in time.
Staggering Reference Signal Positions within a TTI

Complexity: 

· Node B must be able to decode reference signals positions in several places within a TTI.

Performance:

· Possible difference in performance relative to staggering TTIs due to non-uniform placement of reference symbols within a TTI.

6. Conclusions

We have presented two alternative means for decreasing the re-use factors for reference signals for UL.  Either the TTI start times may be staggered by Long Blocks +CPs (with an “all Long Block” 1ms TTI structure) or by Short Blocks +CPs for the Short Block allocations of reference signals.  Or, UL RS positions in a TTI may be assigned for different Node-B’s in a staggered fashion. For either LB or SB, staggering the TTI start times themselves is preferable because performance of the system with uniformly distributed reference signals in time has been shown to be better than with non-uniform distributions of reference signals in time.
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