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1. Introduction

At RAN1 #48bis, progress was made on the structure of the uplink reference signals (RS) used for demodulation of PUSCH by approval of the Way Forward outlined in [1] and repeated below:

--- Start of extract from [1] ---

· One RB resource assignment
· 10/12 base sequences (more than 12 base sequences is FFS)

· One base sequence per “group”–10/12 groups (more than 12 groups FFS)

· Multiple RBs resource assignments
· Multiple base-sequences per “group”

· Can select the sequence in the group (planning) or sequence hopping (per slot/subframe) within group

· One sequence from the group assigned to cell

· Sequence hopping is between sequences within the group 

· Base-sequence group (semi-)statically assigned to a cell or possibility for a cell to hop (onslot/subframe basis) between groups

· No dynamic (PDCCH) signaling of sequence assignment

· Different shifts may be used for different cells of the same eNode B (e.g. if same group assigned to the cells) and needed for UL SDMA (MU-MIMO)

· Shift for a cell can be higher layer signaling

· Shift for SDMA may need to be signaled (1 or 2 bits for SDMA/MU-MIMO)

· assigns one of 2 or 4 shifts available for that cell
--- End of extract from [x] ---

In this paper we further discuss the PUSCH RS, including such aspects as what and how different characteristics of the RS should be configured. 

2. Discussion
For each reference-signal transmission, the UE must know:

· The base-sequence group that the reference-signal base sequence to use belongs to (“base-sequence-group selection”)

· The base sequence to use, given the “selected” base-sequence group (“base-sequence selection”)

· The cyclic shift to use given the “selected” base sequence (cyclic-shift “selection”)

2.1. Base-sequence-group “selection”

According to above “Way forward”, the base-sequence group could be (semi-)statically assigned to a cell. Alternatively, hopping could be applied implying that the base-sequence group to use in a cell would change for each reference-signal transmission according to a given “hopping pattern”.

At a given time instant, it seems reasonable to assume that only one base sequence group is associated with each cell (multiple users within the same cell being assigned the same uplink PUSCH resource, i.e. SDMA, would use different shifts of the same base sequence, and thus of the same base sequence group, see Section ‎2.3 below. In order to support base-sequence-group hopping, the base-sequence group associated with the cell should depend on:

· a base-sequence-group index (range 0 to NBSG  - 1), where NBSG is the total number of base-sequence groups

· a hopping pattern

· the frame/slot number (kf /ks)

according to

base_sequence_group(kf, ks) = base_sequence_group_ index + hopping_ pattern(kf, ks)
Note that this implies that 

· Hopping is on slot level

· The hopping pattern can have a period longer than one frame.

The set of available hopping patterns should include the all-zero pattern (to allow for “no hopping”).
It should be possible, but not necessary, to have the same base-sequence group simultaneously associated to neighbor cells. At the same time, it is preferred that this does not impose any constraints on the physical-layer-cell-ID assignment. Thus, the base-sequence-group index as well as the hopping pattern of a cell should be possible to assign independent of the cell ID and thus need to be explicitly provided as cell-specific system information. 

2.2. Base-sequence selection

According to above “Way forward”, both base-sequence “planning” and base-sequence “hopping” should be supported. This implies that, for a given reference-signal-transmission instant (a certain slot within a certain frame), the base sequence to use should depend on:

· the base-sequence group valid at this time instant (note that the base-sequence group may, in itself, vary in time according to above)

· a hopping pattern

· the frame/slot number (kf /ks)

according to

base_sequence(kf, ks) = f(base_sequence_group(kf, ks) , hopping_ pattern(kf, ks) )
Base-sequence “planning” (“no hopping”) implies that, within a given subframe, the base sequence to use only depends on the base-sequence group (which may, in itself, depend on the subframe number in case of base-sequence-group hopping according to above). There seems to be no reason not to assume that, in case of “no hopping”, the base sequence to use should be the “first” base sequence in the base-sequence group (note that, at least in some cases, there is only a single base-sequence within a group). This removes the need for any explicit signaling of what base sequence to use in case of “no hopping”. Once again, the set of available hopping patterns should include the all-zero pattern in order to support “no hopping”.
2.3. Cyclic shift selection

The main use of cyclic shifting of base sequences is to provide the possibility for assigning different orthogonal reference signals to

· UEs in neighbor cells using the same base-sequence group and base sequence (typically cells of the same eNB but potentially also cells of different, tightly synchronized eNB)

· UEs within the same cell (uplink SDMA)

In order not to impose constraints on the eNB scheduler and as the scheduler may very well operate over multiple cells within an eNB, it should be possible to dynamically assign cyclic shifts to a UE, from the full set of cyclic shifts available. This assignment must then be provided as part of the scheduling grant (PDCCH signaling). Assuming the possibility for six different shifts, this corresponds to three additional bits of information for the scheduling grant.

However, in many cases, using a single cyclic shift within a cell will be sufficient as

· SDMA is not applied

· Different cells use different base-sequence groups (even if they belong to the same eNB). 

It may be seen as unnecessary overhead if, in that case, three bits of cyclic-shift information is transmitted as part of the PDCCH scheduling information. To avoid this, it could be broadcast, as part of system information, how many bit of cyclic-shift information is part of the uplink scheduling grant (0 to 3 bits, corresponding to 2 bits of system information). Thus, when less cyclic shifts are available, the PDCCH code rate can be somewhat reduced leading to increased PDCCH robustness. 

2.4. Base-sequences for small resource allocations

In [2] it has been proposed to increase the number of base-sequence groups by applying non-ZC sequences for the smallest (one-RB and two-RB) resource allocations. With this approach the number of base-sequence for the smallest resource allocations, and thus also the number of base-sequence groups, can be increased to around 30, leading to reduced cell-planning efforts. It is proposed that this approach is adopted.

In practice, what this implies is that it is agreed that, at this stage, the assumption of base-sequences based on extended or truncated ZC sequences, is only valid for resource allocations consisting of three resource blocks and more and that, for other (smaller) resource-allocation sizes, other base sequences can be adopted with a target of having in the order of 30 base sequences in these cases and thus also in the order of 30 base-sequence groups. The exact sequences should be selected no later than the RAN WG1 #50.
3. Proposal

It is proposed that the approach to base-sequence generation for small resource allocations outlined in [2] is adopted, implying the availability of around 30 base-sequence groups. The exact sequences should be selected no later than the RAN WG1 #50.
Based on the agreed way forward [1], the following should be broadcast as cell-specific system information: 

· The base-sequence-group index

· The base-sequence-group hopping-pattern. The hopping pattern should include the all-zero pattern to allow for “no hopping”. The hopping should be done on a slot basis.

· The base-sequence hopping-pattern. The hopping pattern should include the all-zero pattern to allow for “no hopping”. The hopping should be done on a slot basis.

· The number of cyclic shifts that can be used within the cell 

The actual cyclic shift to use for an uplink reference-signal transmission should be provided as part of the scheduling grant (up to 3 bits)
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