3GPP TSG RAN WG1 Meeting #93			R1-1806796
Busan, Korea, May 21st– 25th, 2018

Agenda item:	7.6.3.2
Title:	On UL signals and channels design for NR-U operation
Source:	MediaTek Inc.
Document for:	Discussion


1. Introduction
A study item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-75 in March, 2017. In RAN1 meeting #92, it is agreed that [2]:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted

Further agreements are reached in RAN1 meeting #92bis [3]:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

As compare with licensed NR, additional regulations need to be considered when doing physical layer channel design for unlicensed NR operation. As an example, for 5GHz band, ETSI regulation [4] requires a maximum PSD level of 10dbm/MHz, and an occupied channel bandwidth (OCB) of 80% to 100% of the nominal channel bandwidth. In this contribution, we will discuss potential physical layer channel designs for NR-U that complies with these additional regulation requirements.
2. Interlaced Design for NR-U
In LTE eLAA, block interlaced FDMA (B-IFDMA) is introduced for UL transmission in order to comply with both OCB and maximum PSD level requirements, while at the same time maintaining a TX signal power level that could support desired cell coverage. In NR-U, given similar regulation requirements, it is logical to assume B-IFDMA as the baseline design for its UL transmission. In this section, we will discuss B-IFDMA design considerations in NR-U operation. 
2.1. B-IFDMA design constraints for NR-U
NR supports a large number of combinations of channel bandwidths and subcarrier spacing (SCS), making it quite challenging to come up with a unified B-IFDMA design. A typical B-IFDMA design can be characterized by 3 parameters: number of subcarriers per block: , number of blocks per interlaces: , and number of interlaces per symbol: . This is illustrated in Figure 1(a). In eLAA,  and with RB based interlace design, we have , , and . The set of subcarriers  allocated for a specific interlace  can be represented as:
                                             (1)
Note it is not always possible that  devides . As an example, for channel bandwidth of 20MHz and subcarrier spacing of 15KHz in NR,   [5], and if we still maintain , , and  as in eLAA, then according to equation (1), 6 RB will not be used by any interlace. To avoid such waste of resource, one option is to assign these remaining blocks to some of the interlaces. For example, if we assign these  remaining blocks to the first  interlaces, then the set of subcarriers  allocated for a specific interlace  can be represented as:
                                             (2)
In this case, the number of blocks per interlace is a function of . Figure 1(b) illustrates the interlace design corresponding to equation (2).
In order to meet the OCB requirement, one option is to design interlaces such that all interlaces have occupied channel bandwidth greater than the minimum OCB required. In such case, the interlace parameters M, N, and L need to be carefully chosen. Specifically, assume nominal channel bandwidth  and subcarrier spacing , the minimum occupied channel bandwidth among all interlaces is given by (normalized to ):
                                                           (3)
Take eLAA as example, where  and , we have . This indicates that for eLAA interlace design, all interlaces satisfy the 80% minimum OCB requirement set by ETSI [4]. Now, consider NR numerology with , , and . If we adopt RB based interlace design (i.e., ), in order to satisfy the 80% minimum OCB requirement, the maximum number of interlaces allowed is .
Observation 1: Considerations for NR-U interlace design include resource utilization efficiency and OCB requirements.
Proposal 1: Resource utilization efficiency and OCB requirements should be considered for NR-U interlace design.
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[bookmark: _Ref510780286]Figure 1: B-IFDMA design parameters and various design options
2.2. Channel multiplexing within an interlace
For some NR bandwidth and SCS combinations, due to regulation and design constraints, the number of interlaces available per symbol can be very limited (e.g., the example discussed in the previous section allows only 2 interlaces per symbol). In such cases, it may be beneficial to consider channel multiplexing within a single interlace. There are multiple scenarios where NR-U would benefit from channel multiplexing within an interlace. For example:
· When the interlace number is not sufficient to support the number of UEs requesting for transmission. In this case, allowing channel multiplexing within an interlace directly increases the maximum number of UEs the NR-U system could support simultaneously. 
· Consider the case where UE1 is allocated interlace  and UE2 is allocated interlace  (see Figure 2(a)). Due to PSD constraint, each UE can transmit at a maximum power of . Now, assume  FDM multiplexing within an interlace, we allocate UE1 to the lower frequency part of , and UE2 to the upper frequency part of  (see Figure 2(b)). If each frequency block of  are separated by more than 1MHz, then the regulation allows each UE to transmit at a maximum power of . This directly translates to a SNR improvement of 3dB.
Observation 2: Channel multiplexing within an interlace can provide scheduling flexibility and performance improvement for NR-U operation.
As described in the precious section, larger SCS leads to a more restrictive interlace design. Particularly, for , , , and , we found that in order to satisfy the 80% minimum OCB requirement, the maximum number of interlaces allowed is . This gives us few design options, and certainly has a negative impact on scheduling flexibility. Applying channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement. Continue on the above example, if we allow a channel multiplexing factor of 4, then we will have 8 interlaces that could be assigned to different UEs simultaneously. Another option is to apply channel multiplexing only to PRBs at the edge of the channel. In our example (see Figure 2(c)), we apply channel multiplexing to the 4 PRBs at the channel edges (2 from each end). The remaining 20 PRBs are then divided into 4 interlaces. We can easily verify that all 4 interlaces in our design example satisfy the OCB requirement.
Observation 3: Channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement.
Proposal 2: Channel multiplexing within an interlace should be considered for NR-U interlace design.
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[bookmark: _Ref510780349]Figure 2: Channel multiplexing within an interlace
3. PRACH Design Consideration
If the PRACH in NR-U is to be frequency multiplexed with the PUSCH, it also needs to have the same B-IFDMA structure. However, the correlation properties of any signal with B-IFDMA structure are generally poor. Figure 1 shows the cyclic auto-correlation function of a block-interleaved Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120 and mapped to one interlace. The envelope of the correlation follows that of a signal with a bandwidth that is only 1/12 of the whole bandwidth, as evidenced by the nulls that occurs once every 1/12 symbol length. That is, the resolution of timing estimate for this signal is only 1/12 of the bandwidth it occupies.
One potential improvement is to use a larger sub-carrier spacing without interlace and time division multiplex the PRACH with PUSCH (and other PRACH). The approach keeps the integrity of a good synchronization signal and is becoming more viable as NR has defined 30 kHz and 60 kHz sub-carrier spacing for sub-6 GHz band. However, this comes at the cost of additional LBT overhead.
Observation 4: Considerations for PRACH design in unlicensed band include factors such as the signal’s correlation properties and its multiplexing with other uplink channels.  
Proposal 3: Design of PRACH for NR-U for Stand-Alone operation should take into account the signal’s correlation properties and its multiplexing with other uplink channels.
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[bookmark: _Ref510636977]Figure 3: cyclic auto-correlation function of a block-interleaved Zadoff-Chu sequence
4. Conclusion
In summary, we have the following observations:
Observation 1: Considerations for NR-U interlace design include resource utilization efficiency and OCB requirements.
Observation 2: Channel multiplexing within an interlace can provide scheduling flexibility and performance improvement for NR-U operation.
Observation 3: Channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement.
Observation 4: Considerations for PRACH design in unlicensed band include factors such as the signal’s correlation properties and its multiplexing with other uplink channels.
Based on these observations, we propose that
Proposal 1: Resource utilization efficiency and OCB requirements should be considered for NR-U interlace design.
Proposal 2: Channel multiplexing within an interlace should be considered for NR-U interlace design.
Proposal 3: Design of PRACH for NR-U for Stand-Alone operation should take into account the signal’s correlation properties and its multiplexing with other uplink channels.
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