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1. Introduction
This is resubmission of R1-072295. It has been pointed out in many contributions that Zadoff Chu (ZC) sequences of different lengths may occasionally have large cross correlations. In order to randomize the interference between the demodulation (DM) reference signals (RS), ZC sequence and/or cyclic shift hopping have been suggested among consecutive RS transmissions [1-4]. 
In [6], we propose cyclic shift hopping for RS randomization. In this contribution, we consider ZC sequence hopping and sequence coordination in addition to the cyclic shift hopping. We propose also a practical scheme for the arrangement of DM RS use.   
2. Sequence Randomization vs Coordination
As stated earlier, there exists large cross-correlations between ZC sequences of different lengths (i.e. between different bandwidths) which can be partially alleviated with cyclic shift hopping. However, we see that cyclic shift hopping alone does not provide sufficient RS randomization. For a particular combination of different ZC sequence lengths, the randomization impact of cyclic shift hopping is limited within the used ZC sequence pair. Unfortunately there are ZC sequence pairs for which the cross-correlations between different cyclic shifts have frequently a large value. This is illustrated on Figure 1, where cdf curves for cross-correlations between 1 RB and 2 RB extended ZC sequences are presented. Thus the cyclic shift hopping alone does not provide sufficient randomization and ZC sequence hopping and/or ZC sequence coordination should be employed in addition to the cyclic shift hopping. 
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Figure 1 Cdfs for cross-correlations between 1 RB and 2 RB extended ZC sequences with CM below 1.5 dB. Cdfs are calculated over combinations of 6 cyclic shifts and over all base sequences (or for particular base sequence pairs).
When looking at the sequence coordination, we face a complex and difficult problem due to following constraints:

· There is only a limited number of short sequences (of length 12 or 24) with favourable CM properties

· There is a large number of combinations to be considered: multiple combinations of sequences of different lengths as well as multiple combinations how these sequences of different length can partially overlap.
· Also a large number of cyclic shift combinations need to be considered to allow for a  sufficiently simple structure in cyclic shift hopping.  

Due to the complexity of the problem, we see that satisfactory sequence coordination cannot be obtained in all network deployments. Thus we see that RS sequence hopping should be supported to obtain sufficient RS randomization. However, sequence coordination has its own merits and it may result in favourable solution in particular network deployments. Thus, sequence coordination should not be precluded. As a result, we see that both RS sequence hopping and coordination could be supported if it can be done with a feasible signaling overhead.  

With respect to the sequence hopping, we see that some sequence coordination is required also with sequence hopping in order to avoid sequence collisions as well as sequence pairs with exceptionally deteriorated cross-correlation properties. Thus the same constraints complicate the design of sophisticated sequence hopping patterns and cannot be done in a general form but only for a given network deployment. In other words, the DM RS arrangement and signaling should be flexible enough so that the sequence hopping can be configured during network planning and operation. 

We also note that the benefits from the sequence hopping are obtained from the hopping between RS blocks within TTI. The benefits from extending sequence hopping to inter-TTI hopping are marginal, since the necessary randomization is already achieved with cyclic shift hopping or frequency domain scheduling/hopping  which effectively provide inter-TTI randomization. Inter-TTI sequence hopping would also either significantly increase the signalling overhead or, alternatively, require predefined  and, thus, inflexible sequence hopping patterns. Thus the minor benefits from inter-TTI hopping are overwhelmed by the related drawbacks. Constraining the ZC sequence hopping within TTI allows also for efficient support of both sequence hopping and coordination as well as for DM RS arrangement supporting flexible configuration of sequence hopping. 

3. Scheme for DM RS Sequence Use 

In our proposal the sequences are eNodeB and UL allocation bandwidth (i.e. sequence length) specific. The period of DM RS sequence hopping is limited to one sub-frame. In other words, 1-2 DM RS sequences are assigned for eNodeB for each UL allocation bandwidth on PUSCH. ENodeB signals two DM RS sequence root indexes per each possible UL allocation bandwidth  to UE. When transmitting, UE selects the used sequence based on the slot number and on the bandwidth of UL allocation. If sequence hopping is used, the two DM RS sequence root indexes define the hopping pattern for that bandwidth, and if sequence coordination is used, the same sequence root indexes are repeated twice. The sequence use is illustrated in Table 1 with arbitrary sequence numbers and sequence coordination applied for 1 RB DM RS sequence. Finally one should note that the cyclic shifts are extensively used for multiplexing on PUCCH and, thus, a separate sequence needs to be assigned for each sector of  eNodeB.    
The proposed scheme is simple yet it has clear benefits. With acceptable signalling overhead, it allows for both intra-TTI sequence hopping, sequence coordination as well as for combination of both; sequence coordination can be used for the shortest DM RS sequences (1-2 RB) and sequence hopping for longer sequences. The same scheme and, thus, signalling  applies for both sequence coordination and sequence hopping, and design of separate signalling cases is not needed.  
As with cyclic shift hopping, we see that DM RS sequence related information is semi-static. Since the DM RS sequence information is also eNodeB specific, it may be broadcasted as part of System Information. RRC signalling may be also used e.g. during handover. 
	Number of RBs
	Slot #1
	Slot #2

	1
	Seq #1
	Seq #1

	2
	Seq #3
	Seq #5

	3
	Seq #7
	Seq #13

	…
	…
	…


Table 1.  Illustration of eNode B specific sequence assignments.
4. Summary
In this contribution, DM RS sequence hopping was considered. It was concluded that sequence hopping or sequence coordination is required in addition to the cyclic shift hopping in order to obtain satisfactory randomisation. It was seen that intra-TTI sequence hopping is sufficient when combined with cyclic shift hopping or frequency domain scheduling /hopping. It was also noted that in order to achieve adequate configurability of the network, both sequence hopping and sequence coordination need to be supported with a compact yet flexible scheme for DM RS use. Finally such a simple scheme was presented.
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