
3GPP TSG RAN WG1 Meeting #47




   




  R1-063257
Riga, Latvia, November 6 – 10, 2006
Agenda item:
6.4.2
Source: 
Samsung
Title: 





UL reference signal multiplexing
Document for:
Discussion and decision
1 Introduction
In the RAN1#47bis meeting in Seoul, many contributions on the uplink reference signal (RS) multiplexing structures were submitted [1]-[13] and they are proposing various schemes for multiplexing demodulation (DM) and channel sounding (CS) reference signals. In this contribution, we present our preferred structure, which actually has been presented by other companies in previous meetings. But, one difference is that the structure shown in this contribution is based on the subframe format that all the 4 SBs are collapsed into 2 LBs, which has been once mentioned in the e-mail discussion. Since the LB-only structure gives the following clear benefits, we propose for RAN1 to seriously consider changing the current UL subframe structure accordingly:
· Increase in the number of cell-specific DM RS sequences
· Increase in the CP length, giving larger margin for the delay spread and UL timing synchronization offset
As will be discussed in this contribution, by adopting the LB-only subframe format, we can efficiently multiplex DM and CS RS channels using only 2 LBs(only 14.3 % overhead) with allowing larger number of cell-specific DM RS sequences without sacrificing the data demodulation performance. Also, enough number of CS RS channels can be supported.
2 Basic structure and design principle
The proposed structures are shown in Figure 1. The repetition factor (RPF) and location of RS symbols assumed in the figures are mainly for illustration.
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Figure 1. Preferred UL multiplexing structure.

Key features of the structure shown in Figure 1 are as follows:
· RS multiplexing

· Multiplexing of DM and CS RS within 2 LBs via DFDMA
· Transmission of DM RS within the data BW for not degrading demodulation performance
· Transmission of CS RS on the DFMDA combs not occupied by DM RS

· Transmission bandwidth (BW) and RPF of CS RS are configurable by the network per each UE

· Frequency hopping of partial band CS RS can be supported and implicitly configured by the network by proper setting of the sounding period and the used frequency resource in each sounding interval
· RS orthogonalization
· FFS for how to orthogonalize DM RS between intra-Node B cells
· Hybrid CDM/FDM of CS RS between intra-cell UEs
· Figure 1(a): at least 9/18/180 CS RS channels are supportable in a LB/ TTI/frame

· Figure 1(b): at least 12/24/240 CS RS channels are supportable in a LB/TTI/frame
· Number of RS sequences and allocation among neighboring cells

· The number of cell-specific DM RS sequences can be increased by utilizing Zadoff-Chu sequences of the same sequence index with different puncturing positions as different cell-specific sequences
RS multiplexing
DM and CS RS are multiplexed via FDM in 2 LBs. In order to multiplex CS RS in a same LB as DM RS, DM RS is DFDMA transmitted with RPF=2 or 3 within the data BW. CS RS is transmitted on the DFDMA combs not occupied by DM RS in the same LB. Since only two LBs are used for all the UL RS, the overhead for UL RS is just 1/7 = 14.3 %. 

Note that since the channel response would rarely change between the consecutive DM RS symbols for the case of RPF=2 or 3, and DM RS is confined within the data BW, the multiplexing structure in Figure 1 would not degrade demodulation performance at all. 
Transmission BW and RPF of CS RS is configurable by the network and different configuration can be applied per UE depending on each UE’s situation, e.g., moving speed, service type (VoIP, best effort, etc.), need for frequency selective scheduling, available resource, etc.. Hybrid FDM/CDM of CS RS between intra-cell UEs proposed in [5] can be a good approach for multiplexing CS RS of various transmission BW and allocation bands in a LB along with DM RS. Figure 1(b) shows the situation that CS RS of RPFs=3, 6, 12 are multiplexed in hybrid FDM/CDM. That is, multiple CS RS channels are CDMed on an identical comb. While not shown in the figure, it is assumed that the CS RS with RPF=12 in pink are transmitted over the whole system bandwidth, which may be possible only for UEs located near the Node B. UEs located at the cell edge will usually not be able to support the whole band CS RS due to the power limitation, and transmission of CS RS in a partial wideband (e.g., 1.25, 2.5 MHz) with frequency hopping will be a more feasible approach. Frequency hopping of CS RS can be implicitly configured by the network by proper setting of the sounding period and the used frequency resource in the corresponding sounding time.
It is FFS whether additional LB (e.g., the LB in the subframe center in Figure 1) can be configured for transmission of additional DM RS or CS RS. Allocation of the additional LB for RS can be beneficial when enough number of CS RS channels cannot be supported with the two LBs, e.g., in heavy loaded cases, and when the demodulation performance for a certain UE degrades severely due to high mobility. But, it should be noted that allocation of quite many CS RS channels can result in the throughput loss due to the reduction in the data resource.
RS orthogonalization and supportable number of orthogonal channels

Orthogonalization of the DM RS between intra-Node B cells with just using a single DM RS sequences for the Node B make the cell planning easier since different DM RS sequences can be allocated in Node B levels, as mentioned in [8]. How to achieve the DM RS orthogonality between intra-Node B cells should be further investigated since both FDM of DM RS and block-level CDM ([1 1], [1 -1] covering to the two LBs) between neighboring intra-Node B cells have pros and cons. The FDM approach may significantly deteriorate the channel quality estimation performance due to the interference from the neighboring cell DM RS to the current cell CS RS. The block-level CDM approach does not allow orthogonality in a single LB level and in frequency domain.
As mentioned before, CS RS channels are orthogonalized by hybrid FDM/CDM. The hybrid FDM/CDM enables CS RSs to be multiplexed with DM RS in an identical LB. The number of supportable orthogonal CS RS channels in a single cell is given as follows for each case of Figure 1(a) and (b). 
· In case of RPF=2 (Figure 1(a))

· 9/18/180 CS RS channels in a LB/ TTI/frame
· In case of RPF=3 (Figure 1(b))

· 12/24/240 CS RS channels in a LB/TTI/frame
In obtaining the above values, we assumed that all the CS RSs are transmitted over the whole band with the given RPF values for simplicity, and the applied cyclic shift value for achieving orthogonality is 4 s between CDMed CS RS channels on a comb. Thus, the number of CS RS channels given above corresponds to the worst case value. In cases that partial band CS RSs exist, the supportable number of CS RS channels will further increase unless all the UEs need frequency selective scheduling over the whole band.
Number of RS sequences and allocation among neighboring cells
Due to the DFDMA transmission of DM RS as shown in Figure 1, the length of DM RS sequences reduces to 6 and 4 for RPF=2 and 3, respectively, in case of one RU allocation. For the case of Figure 1(a), six Zadoff-Chu sequences of length 7 can be used as cell-specific sequences after truncation to the sequences of length 6. Cell planning will not be easy with only 6 DM RS sequences. On the other hand, cell planning for CS RS would be relatively easy due to the wideband transmission of CS RS. For example, in case that CS RS with RPF=3 is transmitted over 1.25 MHz BW (72 subcarriers), the sequence length and the number of cell-specific CS RS sequences are 24 and thus, cell planning for the CS RS will be much easier.
In order to increase the number of DM RS sequences for a given sequence length, we can consider utilizing Zadoff-Chu sequences of the same sequence index with different puncturing positions as different cell-specific sequences. For example, if we apply two different puncturing positions for each index of N-1 Zadoff-Chu sequences of a given prime sequence length N, we can double the number of the truncated Zadoff-Chu sequences, i.e., generate 2(N-1) sequences in total.  If this approach is applicable, DFDMA transmission of DM RS for multiplexing CS RS in a LB will not seriously harm the cell planning.
3 Conclusion
Based on the discussions above, we propose to take the followings as baseline working assumptions for UL RS structure:
· Transmission of demodulation RS within the data BW
· Multiplexing of demodulation and channel sounding RSs in same LBs via DFDMA
· Hybrid FDM/CDM of channel sounding RS channels between intra-cell UEs
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