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1	Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In this contribution we discuss uplink physical layer channel design to fulfil these study item objectives. 
[bookmark: _Ref178064866]2	Discussion
2.1	Interlace design for UL channels
Two requirements are commonly found in regulations for operation in unlicensed spectrum: (1) Occupied channel bandwidth, and (2) Maximum power spectral density (PSD). The occupied bandwidth requirement is expressed as the bandwidth containing 99% of the power of the signal, and it shall be between 80% and 100% of the declared Nominal Channel Bandwidth [2]. Maximum PSD requirements exist in many different regions. For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 spec requires 10 dBm/MHz for 5150-5350 MHz. The implication of the PSD requirement is that without a proper physical layer signal design, a signal with small transmission bandwidth will be limited in transmission power. This can negatively affect coverage.
This has been solved for LTE-based LAA by introducing frequency domain interlaced transmissions in the UL. This allows a UE to transmit with higher power (and, to a lesser extent, to satisfy the occupied channel bandwidth requirement) even when the scheduled bandwidth need is small. It is expected that NR also adopts a similar design philosophy in order to support unlicensed operations.
In contrast to LTE-based LAA, it is expected that there will be a need for more interlace options for NR, since the system bandwidth is more flexible and multiple subcarrier spacings (SCSs) are supported. This will require, for example, flexibility in the number of interlaces and the number of PRBs per interlace.
As described in more detail in a companion paper on interlaced design for NR-U uplink [3], we propose adopting several design criteria: sufficiently high output power, flexible resource allocation, reasonable signalling overhead, and PRACH considerations. In general, these criteria affect the interlaced design in terms of the number of interlaces and the number of PRBs per interlace. Due to regulations and agreements in RAN#4, the total number of available PRBs for each system bandwidth and subcarrier spacing is limited. Considering this, one must take into account all above design criteria, achieving the right trade-offs leading to a balanced design.
[bookmark: _Toc513829981]Interlace designs should balance the trade-offs between supporting maximum transmit power, minimizing signaling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels
In [3] we show that that 15kHz and 30kHz SCSs support variety of interlace options which well balance the trade-offs between supporting high transmit power (larger # of PRBs/interlace), minimizing signaling overhead (smaller # of interlaces), enabling flexible resource allocations (larger # of interlaces), and ensuring suitability for different physical uplink channels. In contrast, we find that 60kHz SCS does not offer good interlace options in terms of balancing the needs of supporting high transmit power and enabling flexible resource allocations. One possible approach to increase the number of interlaces for 60kHz SCS is to have sub-PRB interlace design. However, sub-PRB interlace would require to re-design the whole PRB’s concept for NR-U as the PRB is use as the fundamental physical resource unit in NR. Such a re-design should not be undertaken lightly, and would need to be very well motivated. Moreover, 60kHz SCS is also not a good choice considering a design target of having all physical uplink channels using the same interlace structure.
[bookmark: _Toc513829982]Support PRB based frequency domain interlaced designs for UL physical channels for 15 kHz and 30 kHz subcarrier spacing. FFS: frequency domain interlacing structure for 60 KHz.
Due to the RAN4 agreed # of PRBs for different channel bandwidths and subcarrier spacings, we find that an interlace design may require that either some PRBs are unused or some interlaces are assigned more PRBs compared to the others. For instance, with 20MHz system bandwidth and 30kHz SCS, there are 51 available PRBs. One possible design is to have 9 interlaces in which 6 of the interlaces have 6 PRBs and 3 of the interlaces have 5 PRBs. Based on this we propose the following:
[bookmark: _Toc513829983]Interlace designs must consider the RAN4 defined number of available PRBs for different carrier bandwidths and sub-carrier spacings. Based on these numerologies, support non-uniform interlace design in which different interlaces may have different number of PRBs.
2.2	PUCCH
Using the above mentioned interlaced design for PUCCH is a good way to satisfy the regulations on the unlicensed bands. Depending on the coherence bandwidth of the channel, the interlaced design (which spreads the signal in frequency) will give frequency diversity gains without the need for frequency hopping. Hence, we propose
[bookmark: _Toc513626200][bookmark: _Toc513829984]NR-U PUCCH does not support frequency hopping
Applying an interlaced structure to the current NR PUCCH formats implies that each PUCCH resource will cover more PRBs than “regular” NR. Unless compensated for, this have an impact on user multiplexing. For example, considering a SCS of 15kHz and an interlace design utilizing 10 PRBs per interlace, an NR-U format derived by simply mapping an NR format originally using only one PRB to multiple PRBs will have a multiplexing capacity of only 1/10 of the NR format. Maintaining a reasonable multiplexing capacity when designing NR-U PUCCH is important for the overall system capacity of NR-U.
Since the 1-2 bit payloads in PUCCH formats 0 and 1 do not appear particularly useful for NR-U due to bundling of HARQ feedback, we believe that it makes sense to focus on extensions to PUCCH formats 2 and 3 which are suitable for a wider range of payloads. To achieve user-multiplexing, one may consider the application of cyclic shifts and OCC’s applied to the reference and data (control) symbols, respectively. Such approaches may be applied in either the frequency domain, time domain, or both. The desired level of multiplexing depends on the frequency and time span of the orthogonal sequences. In our companion paper [4] we consider two particular examples to illustrate the “toolbox” of approaches that may be used, and the impact on performance. One example considers FDM multiplexing of control data symbols, and the other considers TDM multiplexing. In both cases, OCCs are applied to the data symbols and cyclic shifts to the reference signal sequences to achieve user multiplexing. Further discussion is needed to finalize the design based on target levels of user-multiplexing. Based on the initial performance results we have obtained we propose
[bookmark: _Toc513626201][bookmark: _Toc513829985]For NR-U, support a PUCCH format design based on modifications to PF3 where interlacing and user-multiplexing based on OCCs and cyclic shifts is introduced.
[bookmark: _Toc513626202][bookmark: _Toc513829986][bookmark: _Toc513563778][bookmark: _Toc513563805][bookmark: _Toc513563857][bookmark: _Toc513563862][bookmark: _Toc513212405][bookmark: _Toc513212539]For NR-U, support a PUCCH format design using the Reed Muller block code used in NR for payloads 1-11 bits and the Polar coder used in NR for payloads above 11 bits.
2.3	PRACH
In NR-U, PRACH transmission should be supported for both stand-alone and dual connectivity scenarios (NR-U + LTE and NR-U + NR). In NR, both long (L = 839) and short (L = 139) preamble sequences are supported. The long preambles mainly target large cell deployments. Since for NR-U is expected to be deployed in relatively small cells, only short preambles are of interest for NR-U operations. 
[bookmark: _Toc506553721][bookmark: _Toc510450967][bookmark: _Toc510452867][bookmark: _Toc510731132][bookmark: _Toc510731379][bookmark: _Toc510775729][bookmark: _Toc513636656][bookmark: _Toc513829987]For NR-U, support short PRACH sequence length.
In NR-U, in order to maximize output power and minimize signalling overhead in one slot, flexible resource allocation among different uplink channels is desired. For PRACH with SCS of 15kHZ and 30kHZ, PRB based frequency domain interlaced structure should be supported such that it is multiplexable with other uplink channels. We observe that a PRACH design based on tone interlacing is unattractive since the ability to multiplex PRACH with other UL channels is lost. Furthermore, a tone interlacing design can cause frequency offset and interference between users, hence we propose that such designs should not be further considered.     
[bookmark: _Toc513636658][bookmark: _Toc513829988]Support a PRB-based frequency domain interlaced structure for PRACH for 15 kHz and 30kHz SCS. A frequency domain tone interlaced structure for PRACH need not be further considered.
In NR, only subcarrier spacings of 15 and 30 kHz are supported for PRACH for sub-6 GHz. Since frequency domain multiplexing of interlaced PUCCH, PUSCH, PRACH, and SRS is desired, the SCS of all UL channels should be the same to avoid unnecessary complexity. If 60 kHz SCS was to be supported for all UL channels to enable simplified multiplexing, it would require significant modifications to the Rel-15 NR specification, including changes to MIB and RRC as well as a design for SS/PBCH block for 60 kHz SCS which is currently non-existent. These aspects are further described in our companion paper on frame structure [5].
For these reasons, we propose the following
[bookmark: _Toc513636659][bookmark: _Toc513829989]For sub-6 GHz operation, down-prioritize the design of a frequency domain interlacing structure for PRACH for 60 kHz SCS. 
To evaluate a frequency domain interlacing structure with respect to PRACH performance, one needs to consider not only timing estimation performance, but also miss-detection rate as well as false detection rate. In our companion paper [6] we consider an example design for 30 kHz SCS in a 20 MHz channel assuming 9 interlaces where each interlace includes either 6 or 5 PRBs. In this example, at least 2 interlaces are needed to support the short PRACH sequence which requires 12 PRBs in total. We have found that different interlace choices lead to trade-offs amongst timing estimation performance and miss- and false-detection rates. Hence we propose
[bookmark: _Toc513636660][bookmark: _Toc513829990]Interlace PRACH design must consider all three evaluation criteria of timing estimation performance, miss-detection rate and false detection rate. 
2.4		SRS
[bookmark: _Toc510449523][bookmark: _Toc510450970][bookmark: _Toc510452870]In a companion paper, we consider SRS design aspects for NR-U [7]. One of the important use cases for SRS in NR is channel estimation to support reciprocity-based DL precoding. Since it is envisioned that NR-U will be typically deployed in relative small cells and relatively low mobility scenarios, the design/configuration of SRS for such uses cases in NR-U should take such requirements into consideration. 
As discussed above, an interlaced design is expected to be adopted for other uplink channels, i.e., PUCCH/PUSCH, PRACH. Hence in order to sound the actual portion of the band that is allocated for a users’ data/control transmissions, an interlaced design should be supported also for SRS. Such a design makes it easier to frequency division multiplex different uplink channels/signals of different users on different interlaces. Hence we propose 
[bookmark: _Toc510449524][bookmark: _Toc510450971][bookmark: _Toc510452871][bookmark: _Toc510731135][bookmark: _Toc510731382][bookmark: _Toc510775732][bookmark: _Toc513829991]Since frequency interlaced transmission are expected to be adopted for physical data/control channels for NR-U, at least frequency domain interlaced SRS should also be supported.
Conclusion
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	Interlace designs should balance the trade-offs between supporting maximum transmit power, minimizing signaling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels
Proposal 2	Support PRB based frequency domain interlaced designs for UL physical channels for 15 kHz and 30 kHz subcarrier spacing. FFS: frequency domain interlacing structure for 60 KHz.
Proposal 3	Interlace designs must consider the RAN4 defined number of available PRBs for different carrier bandwidths and sub-carrier spacings. Based on these numerologies, support non-uniform interlace design in which different interlaces may have different number of PRBs.
Proposal 4	NR-U PUCCH does not support frequency hopping
Proposal 5	For NR-U, support a PUCCH format design based on modifications to PF3 where interlacing and user-multiplexing based on OCCs and cyclic shifts is introduced.
Proposal 6	For NR-U, support a PUCCH format design using the Reed Muller block code used in NR for payloads 1-11 bits and the Polar coder used in NR for payloads above 11 bits.
Proposal 7	For NR-U, support short PRACH sequence length.
Proposal 8	Support a PRB-based frequency domain interlaced structure for PRACH for 15 kHz and 30kHz SCS. A frequency domain tone interlaced structure for PRACH need not be further considered.
Proposal 9	For sub-6 GHz operation, down-prioritize the design of a frequency domain interlacing structure for PRACH for 60 kHz SCS.
Proposal 10	Interlace PRACH design must consider all three evaluation criteria of timing estimation performance, miss-detection rate and false detection rate.
Proposal 11	Since frequency interlaced transmission are expected to be adopted for physical data/control channels for NR-U, at least frequency domain interlaced SRS should also be supported.
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