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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN4 is supposed to start work on BS performance requirements from RAN4 #96-e meeting. Since this is first RAN4 meeting for BS performance requirements, RAN4 should identify set of NR-U UL transmission features that can impact BS demodulation performance. In this contribution, we will review key NR-U for UL transmission and summarize BS receiver requirements to guarantee reliable operation in NR-U network. 
Discussion
Features of UL channels including PUSCH, PUCCH and PRACH are important aspects for NR-U, in the following sections we are going to discuss of performance of them separately. 
PUSCH
1. 
2. 
2.1. 
The features of PUSCH are summarized in Table 1:
Table 1 PUSCH features of NR-U
	 features
	Descriptions
	Analysis

	RB allocation
	· PRB-interlaced resource allocation is defined for PUSCH
· For 15 kHz SCS, there are 10 interlaces
· For 30 kHz SCS, there are 5 interlaces 
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
	
· Similar to LAA and NR-U ICS/dynamic range, we propose to verify the performance of PUSCH with PRB-interlaced resource allocation.


	UL burst transmission
	· UE needs to perform LBT(e.g.CAT 4) before acessing the channel, the UL burst transmission time is less than 10ms.
· The starting and ending positions of an UL burst transmission in one slot can be on any symbol.
	· Propose to verify the performance of PUSCH from following aspects:
· Random starting and ending positions in one slot.
· LBT failure
· The burst mode for LTE LAA in TS 36101, clause B.8.1 can be reused as a baseline.
· Unlike LTE, NR PUSCH  has more flexible start position S and symbol length duration L in one slot, especially for PUSCH type B, S={0,…,13} and L={1,…,14}. We propose to use PUSCH type B to apply to random starting and ending positions transmission in one slot of the burst transmission.

	Configured grant procedures 
	· Mini-slot: To allow for configuring multiple consecutive PUSCHs within each slot without gaps, cg-nrofPUSCH-inSlot-r16 in configuredGrantConfig indicates the number of these PUSCHs of the same length L starting from symbol S. Repetitions of one TB cannot be mapped across multiple active configurations
· CG-DFI
· DCI format 0_1 scrambled by CS-RNTI is used for feedback by gNB.
	· Multiple consecutive PUSCHs dose not affect the demodulation. No need to define.
· CG-DFI has the same structure as PDCCH and has no affect on demodulation.


	CP extension 
	· CP extension is used for symbol of UL burst transmission.
· For dynamically scheduled PUSCH and PUCCH transmission, the length of CP extension is determined by DCI.
· For a PUSCH transmission using configured grant. UE randomly determines a duration of a cyclic prefix extension Text to be applied for transmission from a set of values configured by higher layers. CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
	· Since the CP extension is used for the first symbol in the burst transmission, it dose not affect the performance of PUSCH. 


	SRS 
	· The number of available OFDM symbols for SRS is increased compared to Rel-15
·  The SRS OFDM symbol start position is configurable between 0,1,...,13
	· No performance requirement to define.



Based on the above analysis, we give our following proposals for Rel-16 NR-U PUSCH performance.
Proposal 1: Verify the performance requirements for Rel-16 NR-U PUSCH performance from following aspects:
· PRB-interlaced resource allocation
· Random starting and ending positions in one slot.
· LBT failure
Proposal 2: Consider following assumptions when verifying performance requirements for NR-U PUSCH
· The burst mode for LTE LAA in TS 36101, clause B.8.1 can be reused as a baseline
· Use PUSCH type B to apply to random starting and ending positions transmission in one slot of the burst transmission. 
PUCCH
2.2. 
2.3. 
The features of PUSCH are summarized in Table 2:
Table 2 PUCCH features of NR-U
	 features
	Descriptions

	PUCCH
	Only support 20MHz
· 15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
· 30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
· Frequence hopping is not used for interlaced transmission.

	PF0 and PF1
	Enhanced PUCCH format 0 and PUCCH format 1
· One interlace can be configured,
· The Rel-15 PUCCH sequence is repeated in each PRB of the interlace
· The number of PRBs is 10 or 11
· A PRB-specific cyclic shift term is added in order to reduce the Cubic Metric of the repetitive sequence mapping

	PF2
	Enhanced PUCCH format 2
· One or two interlaces can be configured,
· UE multiplexing by means of OCCs in freqeuncy domain with spreading factors 2 and 4. UE multiplexing is enabled only when one interlaced is configured.
· PRB-specific OCCs are used to reduce the Cubic Metric of the repeated modulation symbols from the OCC spreading

	PF3
	Enhanced PUCCH format 3
· One or two interlaces can be configured,
· The number of PRBs is 10 or 20
· Pre-DFT precoder OCCs with spreading factor 2 and 4 are used for UE multiplexing with one interlace
· The OCCs are DFT sequences and result in FDM of UEs (e.g., comb-2 or comb-4 within the interlace)



PF0 and PF1
Compared with Rel-15 PUCCH PF0/PF1, NR-U PUCCH PF0/PF1 is repeated for N times in the frequency domain (N=10 or 11). This operation can greatly improves performance. We do some simulations for NR-U PF0 and PF1, the simulation results are shown figure 1 and simulation assumptions are reused from Rel-15 NR PUCCH PF0 and PF1. For PF1, the frequency hopping is disabled. .
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Figure 1: Performance of NR-U PUCCH PF0/1.
Observation 1: NR-U PUCCH PF0/1 has about 12dB performance gain compared with legacy PUCCH PF0/1.
Considering such large performance gain and change of channel structure, we propose to define the performance of NR-U PUCCH PF0 and PF1. To be simple, we also propose to reuse the simulation assumptions of Rel-15 NR PUCCH PF0/1 for NR-U. It is noted that FH should be disabled for the RB-interlace is used.
Proposal 3: Define the performance requirements for NR-U PUCCH PF0 and PF1 and reuse the simulation assumptions of Rel-15 NR PUCCH PF0/1 with no Frequency hopping.
PF2 and PF3
For PF2 and PF3, OCC and RB-interlace are two new features. OCC has no affect on demodulation. Similar to PUSCH, we propose to define the performance of PUCCH PF2/3 with configuration of RB-interlace. To be simple, we also propose to reuse the simulation assumptions of Rel-15 NR PUCCH PF2/3 for NR-U as much as possible. It is noted that FH should be disabled if the RB-interlace is used.
Proposal 4: Define the performance requirements for NR-U PUCCH PF2 and PF3 and reuse the simulation assumptions of Rel-15 NR PUCCH PF2/3 with no frequency hopping.
PRACH
2.4. 
The Rel-16 NR-U PRACH design are summaried as following:
· Two new Zadoff-Chu sequence lengths are introduced for wideband PRACH preamble transmission
· For 15 kHz SCS, length-1151
· For 30 kHz SCS, length-571
· The sequence mapping is contiguous in frequency, i.e., no interlacing
· Logical root index mapping, cyclic shift tables and frequency positions follow the same principles that was used for the Rel-15 PRACH design
· The same PRACH formats, RACH occasions and number of preambles per RACH occasion (64) as in Rel-15 are supported
· SIB1 signaling indicates which PRACH preamble length that should be used.
From our understanding, compared with legacy PRACH, nothing has been changed (e.g. format, preambles per RACH occasion) except that the length of the sequence has been increased which is equivalent to increase of bandwidth. We give our proposals as follows:
Proposal 5: Not to define the performance requirements of Rel-16 NR-U PRACH.
Conclusion
In this contribution, we give our discussions about performance requirements for NR-U on the BS side. The proposals and observations are as follows:
Proposal 1: Verify the performance requirements for Rel-16 NR-U PUSCH performance from following aspects:
· PRB-interlaced resource allocation
· Random starting and ending positions in one slot.
· LBT failure
Proposal 2: Consider following assumptions when verifying performance requirements for NR-U PUSCH
· The burst mode for LTE LAA in TS 36101, clause B.8.1 can be reused as a baseline
· Use PUSCH type B to apply to random starting and ending positions transmission in one slot of the burst transmission. 
Proposal 3: Define the performance requirements for NR-U PUCCH PF0 and PF1 and reuse the simulation assumptions of Rel-15 NR PUCCH PF0/1 with no Frequency hopping.
Proposal 4: Define the performance requirements for NR-U PUCCH PF2 and PF3 and reuse the simulation assumptions of Rel-15 NR PUCCH PF2/3 with no frequency hopping.
[bookmark: _GoBack]Proposal 5: Not to define the performance requirements of Rel-16 NR-U PRACH.
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