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1. Introduction
[bookmark: _Hlk528680199]In RAN4#96-e meeting, companies got some agreements on NR-U demodulation assumptions and also left some open issues [1]. This contribution will keep on discussing remain general issues on NR-U BS and UE.

2. Discussion 
2.1  BS related issues
In the last meeting, we agreed that we only define requirements or enhanced features supported by NR-U scenario. But we also need to consider how to handle those Rel-15 features also supported by NR-U. Generally, we tend to use Rel-15 requirements for these features but that might lead to a situation that a NR-U BS/UE needs to test all Rel-15 test cases and enhanced test cases. If we don’t test these Rel-15 features, we can’t guarantee their performance.  
To avoid this dilemma, we might need to consider a minimum subset of Rel-15 test cases for NR-U according to NR-U typical scenario and European spectrum regulation, and define proper applicability rules for these requirements  to make sure they can be reused for a NR-U BS/UE.
Proposal 1: Consider a minimum subset of Rel-15 test cases for NR-U scenario and define proper applicability rules for these requirements.
Issue 1: Test Scenarios
· Option 1
Scenario A (Carrier aggregation between licensed band NR (PCell) and NR-U (SCell))
Scenario B (Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell))
Scenario C (Stand-alone NR-U (PCell))
· Option 2
Scenario C (Stand-alone NR-U (PCell))
· Option 3
[bookmark: _Hlk53229300]Define demodulation requirements only for Scenario A (LAA), but these requirements can be applied for other scenarios. Meanwhile, only define requirements for single carrier and don’t define requirements for intra-band CA.
From BS demodulation perspective, there is not much difference between 3 scenarios. Most of companies prefer focusing on LAA scenario since it is more typical. But consider some new requirements we want to introduce, such as PUCCH with interlace structure or large bandwidth PRACH, they might only exist in stand-alone NR-U scenario (PCell). In that case, we might not emphasis which scenario is used for each requirement, but only define necessary requirements for corresponding features. 
For example, if a BS claims supporting interlace PUSCH/PUCCH, then the requirement of  PUSCH with interlace structure  can be applied no matter the BS is used for which scenario.  
Furthermore, we support to only define requirements for single carrier and don’t define requirements for intra-band CA in Wideband Operation 1 which follows Rel-15 method. 
Proposal 2: Define demodulation requirements for the corresponding scenarios, but these requirements can be applied for other scenarios. Meanwhile, only define requirements for single carrier and don’t define requirements for intra-band CA.

Issue 2: Define requirements for Wideband Operation 2. 
· Note: The Wideband Operation 2 modes are defined in R4-1911610, R4-1905206, where 
· Mode 1 related to a single Wideband carrier, where the UE transmits only if all CCA is successful in all of the carrier’s LBT subbands
· Mode 2 relates to a single Wideband carrier, where the UE transmits only if CCA is successful in all contiguous LBT subbands where it is scheduled
In the last meeting, we have agreement to define requirements for Wideband Operation 2 but the note in WF mentioned 2 modes. Mode 1 means “all-or-nothing” transmission and mode 2 means LBT failure happens at edge LBT sub-bands. 
In RAN1#98b, an agreement has been achieved as following [2] which means only Mode 1 is supported for UL transmission.
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.

Furthermore, we also agreed not to consider LBT sub-band failure for BS demodulation, thus we propose don’t consider mode 2 transmission of Wideband operation 2 in future BS demodulation discussion. 
Proposal 3: Do not consider mode 2 transmission of Wideband operation 2 during the NR-U BS demodulation discussion.
[bookmark: _Hlk43884116]
Issue 3: Consideration for Wideband Operation 1
· Option 1: Do not define requirements for Wideband Operation 1
· Option 2: Define requirements for Wideband Operation with applicability rule between Operation 1 and Operation 2
· FFS
In wideband operation 1, carriers are limited as 20MHz bandwidth but it can also have all NR-U enhanced features, such as interlace structure etc. We agreed to introduce requirements for 20MHz bandwidth in operation 2 including PUSCH/PUCCH with interlace structure and large bandwidth PRACH. From the demodulation perspective, we think a 20MHz carrier in wideband  operation 1  is no difference from a 20MHz carrier in wideband operation 2  during uplink transmission if they use same structure. Then it might be no necessary to use applicability rule to differentiate wideband operation, and no need to specially define requirements operation 1. 
Proposal 4: Do not define requirements for Wideband Operation 1 specially. The requirement for 20MHz can be used for either Wideband Operation 1 or 2.

Issue 4: Detailed simulation assumptions 
We think it would be good and straightforward to reuse Rel-15 assumptions as much as possible. That would reduce much more effort on repeating discussion. We can remove/add/replace reasonable assumptions or values according to characters of NR-U features. 
Proposal 5: Reuse Rel-15 demodulation assumptions as much as possible for NR-U demodulation.  

Issue 5: Multipath channel model
In LTE eLAA PUSCH performance requirements, channel model is only EPA 5Hz. In Rel-15 NR BS performance requirements, channel models are TDLA30, TDLB100 and TDLC300. TDLC300 is used for PUSCH, PUCCH and PRACH. We didn’t distinguish cell area with channel models during Rel-15 discussion, but regarding the BS deployment under NR-U scenario, small cell range and low UE speed might be typical situation, then TDLA30 seems a more suitable choice for NR-U scenario. 
We also need to reconsider proper Doppler shift according to NR-U deployment and higher carrier frequency. In Rel-15, the Doppler shift is defined based on 3GHz carrier frequency and would be too high when carrier frequency is 5GHz. A UE couldn’t finish LBT if it passes a NR-U cell with a high speed. In that case, TDLA30-10 used in Rel-15 might be reused for NR-U BS demodulation. 
For TDLB100 and TDLC300, we suggest further discussion and using very low Doppler shift if these two channels are considered.
Proposal 6: Define requirements for TDLA30-10 channel model. FFS for TDLB100 and TDLC300. 
Proposal 7: Define low Doppler shift for TDLB100 and TDLC300 if we agree to define requirements for them. 
2.3	UE related issues
From UE demodulation requirements the most critical issue relating to all demodulation requirements is the adaptation of the burst transmission model used in LTE LAA requirements. In contrast to BS demodulation requirements which introduce an interlace structure for uplink transmission, the physical layer design for downlink does not differ from Rel-15 physical layer design. Hence, we need to distinguish Rel-15 UE eMBB demodulation from Rel-16 UE NR-U demodulation requirements in order to create performance requirements which only NR-U supported UEs will pass.
From LTE, the burst transmission model (defined in 36.101 Annex B.8) was introduced for this particular purpose. In this section we’ll elaborate on how this model can be adapted to fit the frame structure of NR-U performance requirements. [3].
· Burst transmission model from LTE	
In LTE time frame it was decided not to model LBT due to complexity of implementation. Instead, a Burst transmission model was proposed. The burst transmission is a stochastic model to randomize the starting points, and transmission lengths of the scheduled PDSCH grant for a certain number of subframes. In LTE the starting point within the subframe can either be configured to OFDM symbol #0, or #7. In Table Table 1 Slot/Frame structure comparison of LTE and NR we evaluate the difference between LTE LAA, and NR physical layer design which needs to be taken into consideration if the Burst transmission model is to be adapted for usage in NR-U.
[bookmark: _Ref51755354]Table 1 Slot/Frame structure comparison of LTE and NR
	RAT
	Starting position 
	Duration

	LTE (Frame Structure 3)
	Anywhere within the subframe
	Anywhere within the subframe

	NR Type A
	{0,1,2,3}, 3 is applicable only if dmrs-TypeA-Position = 3
	{3,…,14}

	NR Type B
	{0,…,12}
	{2,…,13}


From an NR point of view, it is apparent that there is a lot more flexibility in the scheduling for Type B mapping compared to Type A mapping. However, Type B is not a mandatory feature which may cause performance requirements for NR-U to exclude UEs not supporting Type B mapping. Also for Type B mapping, there’s an additional UE feature support needed if the Type B transmission starts outside of the first 3 symbols.
Proposal 8: Define PDSCH demodulation requirements with Type A mapping.
For eMBB Rel-15 demodulation requirements in FR1 we skip scheduling PDSCH in the first 2 OFDM symbols, i.e. symbol #0, and #1 for PDCCH scheduling. We also have PDCCH test cases where the coreset duration is 1 OFDM symbol in length.
With respect to Rel-15 FR1 demodulation requirements, and NR Type A mapping, this leaves us with starting positions to symbol #1, #2, or symbol #3 with symbol #3 requiring a shift in the DMRS starting position. Therefore, we propose similar to the LTE burst transmission model we can adapt the burst transmission model to NR Type A mapping with the following changes:
Table 2 Comparison of LTE LAA and NR-U
	Parameter
	Unit
	LTE LAA Burst transmission model for demodulation test cases
	NR-U Burst transmission adaptation for Type A mapping

	Starting position for the first slot (subframe in LTE)
With equal probability of occurance
	Symbol
	{0, 7}
	{1, 2, 3}

	Number of symbols in first slot (subframe)
	Symbol
	{14, 6, 9, 12, 7}
	{13, 12, 11} for full slot, can also consider shorter slot lengths. 

	Number of slots (subframes) in a transmission burst 
	Slots/subframes
	{1, 3, 5, 8}
	Based on agreed COT (Up to 10*2µ )

	Occupied symbols set in the last slot (subframe)
	Symbol
	{6, 9, 12, 14}
	{6, 9, 12, 14}

	Note: µ = 0, 1, 2 for FR1 being related to the subcarrier spacing 15kHz*2µ


With Type A mapping as can be seen in Table 1, There is some flexibility to adapt the burst transmission model to fit into an NR-U compatible configuration. With higher numerology there is further possibilities to change the number of allocated slots in NR depending on which COT is specified.
In Rel-15 FR1 eMBB requirements, w.r.t. the PDCCH allocations that have been specified to occupy either 1, or 2 symbol duration, thus PDSCH can be freely selected to start from symbol #1. #2, or #3.
For the last slot, the intention with a random selection of occupied symbols is to be able to verify different positions of the DMRS locations, when the DMRS is limited to only single DMRS without additional symbol(s), shift of position due to shorter slot length, etc. 
If we configure DMRS 1+1 with starting position #2, then for a full slot the additional DMRS location will be at symbol #11. If the PDSCH duration is shorter, i.e. 12, 11, or 10, the 2nd DMRS position is shifted to symbol #9. For PDSCH duration the position is shifted to symbol #7. For even shorter durations (less than 8) only the first DMRS symbol is allocated. Therefore, we can reuse the LTE values for the number of occupied symbols set in the last slot. 
Furthermore, in the WF the COT options listed are 1ms, and other options not precluded. If we limit the testing to 1ms COT, then the demodulation requirements may not be configured to fit into the burst transmission model used in LTE. For 15kHz SCS only one slot duration will be configurable with only degrees of freedom where the starting symbol should be. For longer COTs there is more freedom to select different number of slots per transmission burst. For higher numerologies we have more freedom to select different number of consecutive slots within the COT transmission burst. E.g., with 30kHz and 2ms COT we can configure up to 4 slots for the burst transmission, for 60kHz correspondingly we have up to 8 consecutive slots. 
From the 37.213 specification four different priority classes have been defined for unlicensed access:
Table 3 Channel Access Priority Class (CAPC)
	Channel Access Priority Class ()
	
	
	
	
	allowed sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}


The lowest common COT duration defined for all priority classes is 2ms. Bearing in mind that there are regional limitation in Japan for a maximum duration of 4ms. With these considerations in mind and with creating a suitable burst set S1, 2ms should be the most suitable candidate for defining performance requirements. 
Observation 1: with 30kHz SCS we are limited to a maximum of 2 slots given the 1ms COT. 
Proposal 9: Consider 2ms COT in order to adapt the LTE burst transmission model with suitable number of possible slot length configurations
The burst transmission model as specified in Annex B.8 in 36.101 is defined as follows:

	[image: ]


[bookmark: _Ref53665711]Figure 1 LTE LAA Burst transmission model (36.101 B.8 Annex)
From Figure 1 we can observe that step 1 need not be modified to fit into NR-U framework other than that we need to agree on how many slots to be included in the burst set.
Observation 2: No need to adapt the first step, only agree on the number of slots in the burst set (S1).
Step 2: This step is part of the restrictions on Frame structure type 3 from LTE, Given NR Type A requirements we’re free to configure the starting position from symbol #1, #2, or #3. Whereas LTE is limited to either symbol #0, or symbol #7 within the subframe. For the included number of symbols in the S2 set, we need only agree on the different values within the set.
Proposal 10: Agree to reuse the LTE values for S2 configuration
Similar to PDSCH requirements, in LTE LAA both PDCCH, and CQI requirements were defined with the usage of the burst transmission model. For this particular reason, the usage may also be applicable to PDCCH, and CQI requirements.
Proposal 11: Define PDCCH, and CQI requirements with adaptations to the burst transmission model.

3. Conclusion
3.1	BS related issues
Proposal 1: Consider a minimum subset of Rel-15 test cases for NR-U scenario and define proper applicability rules for these requirements.
Issue 1: Test Scenarios
Proposal 2: Define demodulation requirements for the corresponding scenarios, but these requirements can be applied for other scenarios. Meanwhile, only define requirements for single carrier and don’t define requirements for intra-band CA.
Issue 2: Define requirements for Wideband Operation 2.
Proposal 3: Do not consider mode 2 transmission of Wideband operation 2 during the NR-U BS demodulation discussion.
Issue 3: Consideration for Wideband Operation 1
Proposal 4: Do not define requirements for Wideband Operation 1 specially. The requirement for 20MHz can be used for either Wideband Operation 1 or 2.
Issue 4: Detailed simulation assumptions
Proposal 5: Reuse Rel-15 demodulation assumptions as much as possible for NR-U demodulation.
Issue 5: Multipath channel model
Proposal 6: Define requirements for TDLA30-10 channel model. FFS for TDLB100 and TDLC300. 
Proposal 7: Define low Doppler shift for TDLB100 and TDLC300 if we agree to define requirements for them.
3.2	UE related issues
Proposal 8: Define PDSCH demodulation requirements with Type A mapping.
Observation 1: with 30kHz SCS we are limited to a maximum of 2 slots given the 1ms COT. 
Proposal 9: Consider 2ms COT in order to adapt the LTE burst transmission model with suitable number of possible slot length configurations
Observation 2: No need to adapt the first step, only agree on the number of slots in the burst set (S1).
Proposal 10: Agree to reuse the LTE values for S2 configuration
Proposal 11: Define PDCCH, and CQI requirements with adaptations to the burst transmission model.
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B. 8   Burst transmission models for Frame structure type 3   This clause provides a description for  burst transmission models  for  Frame structure type 3.   B.8.1   Burst transmission model for one LAA SCell   One burst is defined as d ownlink trans missions   which  occupy one or more consecutive subframes . The burst  transmission format is determined  according   to the steps below:   1)   Select   the number of subframes     randomly from  a given set of the number of subframes    with equal   probability   as the total length of burst  transmission   format. The  length   includes both occupied OFDM symbols  and non - occupied OFDM symbols within the burst  format .     is given per test case.    2)   I f     is equal to 1, the subframe   is  set  as   fully occupied , otherwise :   -   For demodulation test, the starting position for the first subframe is randomly selected from OFDM symbol 0  and OFDM symbol 7 with equal probability.  For CSI test, the starting position for the first subframe is  OFDM sym bol 0.   -   T he configuration of occupied OFDM symbols   in the last subframe is randomly selected from  configuration   set  .   is given per test case.   A uni form random variable   from [0, 1]   is generated.  If the   random variable is less than   p   which is given per test case,    -   If both the last subframe of previous burst and first subframe of new burst format are fully occupied, start  burst transmission after deferring one subframe from the last subframe of previous burst. Otherwise, start  burs t transmission at the end of last subframe of previous burst.   Otherwise, the  burst transmission   is muted and the m uting duration is  the same as the number of subframes for  determined   burst format.  


