[bookmark: _Hlk37257723][bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG4 Meeting # 96-e                	R4-2010905
[bookmark: _Hlk37257740]Electronic Meeting, 17 August – 28 August, 2020

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on NR-U BS demodulation requirements 
Agenda item:	7.1.6.4
Document for:	Discussion
1 Introduction
[bookmark: _Hlk46851525] In the NR-U work item description, the following is specified for RAN4 performance requirements[1]:Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· Radio Resource Management performance requirements, including RRM/RLM test cases
· Base station conformance testing

This paper introduces the discussion on the base station demodulation performance requirements, with the main performance aspects affected by NR-U. Most of these aspects, are the physical layer enhancements introduced to UL channels to comply to minimum occupied channel bandwidth regulations by ETSI, which include interlaced PUSCH/PUCCH and longer PRACH sequences. Additionally, interdependency to the 2-step RACH demodulation requirements are introduced. 

[bookmark: _Hlk7682270][bookmark: _Hlk46851648]2	Discussion
[bookmark: _Hlk46851783]The design target of the WI on NR-based Access to Unlicensed Spectrum [1] is to specify a single global solution for NR-based access to unlicensed spectrum. This solution needs to be compatible with the NR concepts, i.e. reusing the features of NR as much as possible, while still being able to coexist with incumbent technologies in the unlicensed spectrum. The discussions on this WI started in RAN1 AH #1901 meeting in November 2018, and the RAN1 and RAN2 have concluded the work in RAN1 #101-e  and RAN2#110-e [2]. 
In Rel-16 NR-U, access to band n46 (5150 MHz to 5925 MHz) is specified by 3GPP. Discussion on the band between 5925 MHz to 7125 MHz is still ongoing, pending on regulatory decisions. In Europe, ETSI has a set of requirements for operation in 5GHz unlicensed spectrum, which is detailed in [3]. Requirements that impact on the design of NR for operation in unlicensed bands are: 
1) Channel access mechanism
2) Channel Bandwidths 
3) Minimum occupied channel bandwidth (OCB)
4) Power spectrum density

One key difference between licensed spectrum and unlicensed spectrum is the channel access mechanism. In unlicensed spectrum, nodes from different technologies need to check the availability of the channel before transmitting, by using at least energy detection.  Energy detection is part of the listen-before-talk (LBT) mechanism, in which a node performs a clear channel assessment (CCA) to the channel to determine its availability. In case the channel is determined vacant, the node starts transmission. In case the channel is occupied, i.e. the LBT procedure fails, the transmission will be delayed until it is considered vacant. The unavailability of the channel impacts on the overall system and differs from baseline NR operation. Due to this and the regularity requirements, RAN1 has modified NR Layer 1 design so that the system is adapted to unlicensed bands. 
The demodulation performance itself can be considered independent of the LBT process. However, given a correct CCA, the demodulation of the adapted L1 needs to be re-tested. 
[bookmark: _Toc47724675]The LBT procedure can be considered independent of the BS demodulation performance.
In band n46, the following channel bandwidths were defined: 10 MHz, 20 MHz, 40 MHz, 60 MHz, 80 MHz and 100 MHz (channel raster discussion still ongoing in RAN4 RF). The 10 MHz bandwidth is only defined in part of ITU region 3. In the rest of the world, access to this band is done in multiples of 20 MHz. Disregarding the channel bandwidth, the LBT procedure is done individually in each 20 MHz sub-band. Wider channels may be obtained by carrier aggregation or wideband operation. In case of wideband operation, it was defined in RAN 1 #98bis that the UE is not expected to receive resource allocations in non-contiguous LBT bandwidths in the uplink, access will only be granted if the LBT passes in all sub-bands in which the UE transmissions were scheduled. RAN 1 #98bis
Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.


[bookmark: _Toc47724676]Differently from LTE-LAA, wideband operation is defined for NR-U in addition to carrier aggregation, and the following channel bandwidths are currently defined in band n46: 10 MHz, 20 MHz, 40 MHz, 60 MHz and 80 MHz.
[bookmark: _Toc47724677]10 MHz channel bandwidths are also possible in LTE eLAA / LAA, but only defined in part of ITU region 3. In LTE-LAA no requirements and tests were defined for this channel bandwidth by RAN4. 
[bookmark: _Toc47724678]RAN4 to define requirements for 20 MHz and 60 MHz channels in band n46.  
[bookmark: _Toc47724679]UL transmissions in non-contiguous LBT sub-bands are not expected in NR-U Rel-16. 
[bookmark: _Toc47724680]In UL transmissions, only contiguous allocations in terms of LBT sub-bands are considered in the demodulation requirements.
Other regional regulatory requirements that required modification to the NR design are: the minimum occupied channel bandwidth (OCB) requirement, which is determined to be 80% by ETSI regulations [3] in 5GHz spectrum and the power restrictions in unlicensed bands. In order to maximize transmit power, while still being compliant with these regulatory requirements, RAN1 defined an interlaced waveform, in which UL scheduling may be done in groups of equally spaced resource blocks. With 15 kHz subcarrier spacing SCS there are 10 interlaces, while with 30 kHz there are 5 interlaces. Interlaced waveform is not supported with 60 kHz SCS.
The interlaced waveform is an enhancement required to fulfil the OCB requirements in some ITU regions.
[bookmark: _Toc47724681]In 5GHz spectrum, the uplink resource allocation may be done by using an interlaced waveform subject to regional regulatory requirements. Rel-15 contiguous allocation is also supported in NR-U.
Additionally, the feasibility of NR operation in unlicensed spectrum was determined considering five different scenarios namely NR-U, as follows:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U (PCell)
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U. 

[bookmark: _Toc47724682] In order to support data and control channels in unlicensed spectrum, RAN defined L1 enhancements, which will need new BS demodulation requirements to support PRACH, PUCCH and PUSCH in NR-U. 
[bookmark: _Toc47724683]RAN4 to discuss BS demodulation requirements and tests for PRACH, PUCCH and PUSCH in NR-U. 
[bookmark: _Toc47724684]In the following subsections, we give an overview of the relevant L1 changes in each one of the physical uplink channels and how they impact on the BS demodulation performance.
2.1	PUSCH
BS demodulation for UL data transmission in unlicensed spectrum has a precedent in eLAA. In eLAA, all the control data and initial access were transmitted in licensed bands, therefore only BS demodulation requirements for PUSCH were defined in RAN 4. 
As explained in the previous Section, the main difference between UL transmissions in NR and NR-U are the possibility to allocate the user PUSCH in interlaces, which allow for the distribution of power in the UL to meet the regulatory requirements. In order to cover the interlaced allocation, a new frequency domain resource allocation, Type 2, was introduced in Rel-16 NR-U. However, it is important to mention that Rel-15 resource allocation types without interlaces are also supported, which are applicable in bands and regions where the regional OCB and PSD rules do not apply. 
[bookmark: _Toc47724685]RAN4 to define requirements for interlaced PUSCH, considering a single interlace, single user allocation.
[bookmark: _Toc47724686]Demodulation performance of non-interlaced PUSCH is expected to be the same for NR-U when compared to the performance of PUSCH in licensed bands. 
[bookmark: _Toc47724687]No requirements are needed for non-interlaced PUSCH, since those are already tested in NR tests.
[bookmark: _Toc47724688]Rel 16 provides no support for interlaced PUSCH for 60 kHz sub-carrier spacing. 
[bookmark: _Toc47724689]RAN4 to define new BS demodulation requirements in unlicensed bands for PUSCH with sub-carrier spacing of 15 kHz and 30 kHz. 
In addition to the interlaced PUSCH, UL multi TTI scheduling, or multiple PUSCHs by a DCI, was designed to overcome  the uncertainty on the UL transmission timing caused by LBT. This is achieved with a single DCI_0_1 scheduling multiple PUSCH allocations in time domain, each one described with a SLIV, and one allocation in frequency domain with a shared RIV. An example of the UL multi-TTI scheduling is presented in Figure 1, where in case of LBT failure for the first PUSCH allocations, the UE can still transmit in the next allocations in case of LBT success as shown in Figure 2. 
From TS 38.214, clause 6.1 [4]: 
	When the UE is scheduled with multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH, as described in clause 6.1.2.1, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo 16 operation applied.



and from TS 38.214, clause 6.1.4 [4]: 
	When the UE is scheduled with multiple PUSCHs by a DCI, as described in clause 6.1.2.1, the bits of rv field and NDI field, respectively, in the DCI are one to one mapped to the scheduled PUSCH(s) with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last scheduled PUSCH.



Multiple PUSCHs are scheduled using a single DCI 0_1, where up to 8 PUSCH may be scheduled. In that DCI, each PUSCH allocation has 1 bit for the NDI field, and 1 bit for the rv field, which maps to the rv 0 and 2 as in Table 7.3.1.1.2-34 of 38.212 [5].



[bookmark: _Ref46497365]Figure 1 General overview of PUSCH interlaces, and multiple PUSCH allocations



[bookmark: _Ref46497369]Figure 2 Example of how multiple PUSCH allocations are used in case of LBT failure

In addition to the UL multi-TTI PUSCH, CG enhancements were also developed for unlicensed operation. In that case, differently from the URLLC goals for CG, these enhancements were introduced to reduce the number of LBT procedures before a transmission. The CG is enhanced for NR-U by enabling a burst of continuous allocations using cg-nrofSlots-r16, and multiple allocations per slot with cg-nrofPUSCH-InSlot-r16  as in 6.1.2.3 of TS 38.214 [4]. Additionally, new CG-UCI fields are defined with HARQ process number, rv and NDI in 6.3.2.1.3 of TS 38.212 [5].
[bookmark: _Toc47724690]PUSCH enhancements for unlicensed spectrum include improved robustness against LBT failures with UL multi-TTI dynamic scheduling, as well as continuous allocations and multiple allocations per slot for configured grant. 
[bookmark: _Toc47724691]Configured grant is a scheduling aspect that doesn’t influence demodulation performance. 
[bookmark: _Toc47724692]RAN4 to study PUSCH performance also including UL multi TTI multiplexed on PUSCH. 
[bookmark: _Hlk46852372]	
2.2	PRACH
In NR-U, in order to be compliant with regional OCB regulatory requirements, in addition to the Rel-15 PRACH sequence, wideband PRACH transmission with longer Zadoff-Chu sequences were introduced. In 15 kHz, the sequence length is 1151, and in 30 kHz, the sequence length is 571. Related to the time domain behavior of PRACH, all Rel-15 PRACH formats remain supported. 
[bookmark: _Toc47724693]In addition to all Rel-15 PRACH sequences, longer Zadoff-Chu sequences were introduced in 15 kHz and 30 kHz.
[bookmark: _Toc47724694]For NR-U [4-step] RACH, RAN 4 to define new PRACH demodulation requirements and demodulation tests to the new Zadoff-Chu sequence lengths for 15 kHz SCS and 30 kHz SCS.
Besides the difference between the sequence lengths, the other difference between NR and NR-U PRACH is the need to perform LBT before accessing the channel. If the LBT procedure is considered independent from the BS demodulation requirements, RAN4 can adopt the same evaluation metrics as in NR 4-step RACH.
In addition to the longer PRACH sequences, the 2-step RACH procedure was also enhanced for unlicensed operation. In that procedure, the interlaced allocation can also be applied to the msgA-PUSCH, from 8.1A in 38.213 [6]:
	A UE determines a first interlace or first RB for a first PUSCH occasion in an active UL BWP respectively from interlaceIndexFirstPO-MsgA-PUSCH or from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs in the active UL BWP, from a first RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a number of RBs provided by nrofInterlacesPerMsgA-PO or by nrofPRBs-perMsgA-PO, respectively. Consecutive PUSCH occasions in the frequency domain of an UL BWP are separated by a number of RBs provided by guardBandMsgA-PUSCH. A number of PUSCH occasions in the frequency domain of an UL BWP is provided by nrMsgA-PO-FDM. 




The way forward on BS demodulation for the 2-step RACH from RAN4#94-e contains the following agreements [7]:
	· No additional preamble performance requirement for preamble is needed.
· Leave performance requirements for interlaced PUSCH design and long preamble to NR-U WID.



[bookmark: _Toc47724695]RAN4 has decided to define performance requirements of long PRACH preamble and interlaced PUSCH design of 2-step RACH as part of the NR-U WID. 
[bookmark: _Toc47724696]RAN4 to define 2-step RACH requirements related to unlicensed operation as a part of the NR_unlic-Perf work. 
As a part of the 2-step RACH demodulation work, it was agreed that existing PRACH requirements are enough to test the performance of MsgA-PRACH, therefore the demodulation work focuses on MsgA-PUSCH performance. Like-wise, it is reasonable to consider for NR-U with 2-step RACH the performance of interlaced MsgA-PUSCH reusing the testing procedure defined as part of the 2-step RACH BS demodulation work. 
[bookmark: _Toc47724697]RAN4 to define interlaced MsgA PUSCH performance requirements using the same methodology as defined for the 2-step RACH WID. 
 
2.3	PUCCH
In addition to the Rel-15 PUCCH formats, NR-U introduces support for interlaced PUCCH formats as well, by means of enhanced PUCCH formats 0, 1, 2 and 3. When formats 0 and 1 interlaced configuration are considered, the interlaced format implies that PUCCH is transmitted over 10 PRBs instead of only 1 PRB. Additionally, the sequence generated for each PRB has a different cyclic shift as defined in 6.3.2.2.2 of 38.211 [12]:
	[bookmark: _Toc19796428][bookmark: _Toc26459654][bookmark: _Toc29230303][bookmark: _Toc36026562][bookmark: _Toc45107401]6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to

where
· -	 is the slot number in the radio frame	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
· -	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
· 
-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in clause 6.4.1.3.3.1
· 
-	 except for PUCCH format 0 when it depends on the information to be transmitted according to clause 9.2 of [5, TS 38.213]. 
· -	 is given by
[bookmark: _Hlk23763479]-	 for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the higher-layer parameters useInterlacePUCCH-PUSCH in BWP-UplinkCommon or useInterlacePUCCH-PUSCH in BWP-UplinkDedicated, where  is the resource block number within the interlace;
-	 otherwise




 Finally, the formats 2 and 3 include differences on the OCC. For Format 2, the Spreading is included when OCC-Length-r16 is configured, as described in 6.3.2.5.2A of TS 38.211 [8]
	[bookmark: _Toc29230313][bookmark: _Toc36026572][bookmark: _Toc45107411]6.3.2.5.2A	Spreading
Spreading shall be applied according to

resulting in a block of complex-valued symbols .
If the higher layer parameter interlace1 is not configured, and the higher-layer parameter OCC-Length-r16 is configured,
· -	 is given by the higher-layer parameter OCC-Length-r16; 
· -	 is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where , the quantity  is the index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index-r16, and  is the interlaced resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer parameter Interlace0.
otherwise  and 



The spreading for format 3 with interlaced waveform is described in 6.3.2.6.3 of TS 38.211 [8]:
	For PUCCH format 3 with interlaced mapping and PUCCH format 4, block-wise spreading shall be applied according to 





[bookmark: _Toc47724698]In order to support the interlaced waveform, new PUCCH formats are introduced in NR-U, including improvements in cyclic shift and OCC for formats 0, 1, 2, and 3. 
[bookmark: _Toc47724699]RAN 4 to specify demodulation requirements and tests for PUCCH enhanced formats 0 and 2.

3 Conclusion
This document has introduced the discussion of the BS demodulation requirements for NR-U. As part of this discussion, the relevant technical enhancements related to PUSCH, PRACH, and PUCCH are presented. These enhancements are mostly related to the minimum bandwidth occupancy and to robustness against LBT failures. This discussion has lead to the following observations and proposals: 

Observation 1: The LBT procedure can be considered independent of the BS demodulation performance.
Observation 2: Differently from LTE-LAA, wideband operation is defined for NR-U in addition to carrier aggregation, and the following channel bandwidths are currently defined in band n46: 10 MHz, 20 MHz, 40 MHz, 60 MHz and 80 MHz.
Observation 3: 10 MHz channel bandwidths are also possible in LTE eLAA / LAA, but only defined in part of ITU region 3. In LTE-LAA no requirements and tests were defined for this channel bandwidth by RAN4.
Proposal 1: RAN4 to define requirements for 20 MHz and 60 MHz channels in band n46.
Observation 4: UL transmissions in non-contiguous LBT sub-bands are not expected in NR-U Rel-16.
Proposal 2: In UL transmissions, only contiguous allocations in terms of LBT sub-bands are considered in the demodulation requirements.
Observation 6: In 5GHz spectrum, the uplink resource allocation may be done by using an interlaced waveform subject to regional regulatory requirements. Rel-15 contiguous allocation is also supported in NR-U.
Observation 7: In order to support data and control channels in unlicensed spectrum, RAN defined L1 enhancements, which will need new BS demodulation requirements to support PRACH, PUCCH and PUSCH in NR-U.
Proposal 3: RAN4 to discuss BS demodulation requirements and tests for PRACH, PUCCH and PUSCH in NR-U.
Proposal 4: RAN4 to define requirements for interlaced PUSCH, considering a single interlace, single user allocation.
Observation 8: Demodulation performance of non-interlaced PUSCH is expected to be the same for NR-U when compared to the performance of PUSCH in licensed bands.
Proposal 5: No requirements are needed for non-interlaced PUSCH, since those are already tested in NR tests.
Observation 9: Rel 16 provides no support for interlaced PUSCH for 60 kHz sub-carrier spacing.
Proposal 6: RAN4 to define new BS demodulation requirements in unlicensed bands for PUSCH with sub-carrier spacing of 15 kHz and 30 kHz.
Observation 10: PUSCH enhancements for unlicensed spectrum include improved robustness against LBT failures with UL multi-TTI dynamic scheduling, as well as continuous allocations and multiple allocations per slot for configured grant.
Observation 11: Configured grant is a scheduling aspect that doesn’t influence demodulation performance.
Proposal 7: RAN4 to study PUSCH performance also including UL multi TTI multiplexed on PUSCH.
Observation 12: In addition to all Rel-15 PRACH sequences, longer Zadoff-Chu sequences were introduced in 15 kHz and 30 kHz.
Proposal 8: For NR-U [4-step] RACH, RAN 4 to define new PRACH demodulation requirements and demodulation tests to the new Zadoff-Chu sequence lengths for 15 kHz SCS and 30 kHz SCS.
Observation 13: RAN4 has decided to define performance requirements of long PRACH preamble and interlaced PUSCH design of 2-step RACH as part of the NR-U WID.
Proposal 9: RAN4 to define 2-step RACH requirements related to unlicensed operation as a part of the NR_unlic-Perf work.
Proposal 10: RAN4 to define interlaced MsgA PUSCH performance requirements using the same methodology as defined for the 2-step RACH WID.
Observation 14: In order to support the interlaced waveform, new PUCCH formats are introduced in NR-U, including improvements in cyclic shift and OCC for formats 0, 1, 2, and 3.
Proposal 11: RAN 4 to specify demodulation requirements and tests for PUCCH enhanced formats 0 and 2.
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