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1. Introduction
NR-U core requirements are discussed in previous RAN4 meetings and the performance parts for Rel-16 will start from August meeting. According to available agreements and RAN1 specifications, we will deliver an overview discussion on NR-U BS performance in this contribution.

2. Discussion
· Wideband operation 
NR-U support 2 kinds of wideband operation, 1 and 2. In 5GHz band, the typical illustration is as figure 1 shows. 
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Figure 1. wideband operation 1 and 2 example

For wideband operation 1 (WB1, the left part of Figure 1), all component carrier’s bandwidth is equal to LBT bandwidth (20MHz). This operation is the same as Rel-15 CA but needs perform CCA (Clear Channel Access) at first. This operation is an optional UE capability in Rel-15. 
Since demodulation requirements are defined for single carrier in normal NR and we don’t have requirements for CA in Rel-15, 20MHz demodulation requirements in Rel-15 can be reused for WB1 in Rel-16. 
WB1 also brings up convenience for future requirements discussion, such as possible wider LBT bandwidth in 6GHz.  

Observation 1: For Wideband operation 1, 20MHz demodulation requirements (PUSCH/PUCCH/PRACH) in Rel-15 can be reused. 
 
For wideband operation 2 (WB2, the right part of Figure 1), the carrier bandwidth is equal or larger than LBT bandwidth 20MHz, and the carrier contains integer number of RB sets with intra-cell guard bands between RB sets. New formats of PUSCH, PUCCH and PRACH are introduced due to WB2 structure. This operation is a new optional UE capability in Rel-16.
WB2 have 2 different transmissions “All-or-nothing” and “Channel puncturing”. The “All-or-nothing” transmission only occurs if CCA is successful in all RB sets, and this transmission can be used for both DL and UL. The “Channel puncturing” transmission only occurs in RB sets for which CCA is successful, and this transmission can be used only for DL. 
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Figure 2. LBT examples for WB2 80MHz carrier

Both transmissions are highly dependent on all LBT results, see Figure 2. It is easy to see that “All-or-nothing” transmission might get less spectrum efficiency than WB1 when carrier bandwidth is much larger than 20MHz and other RAT system are active. For example, 80MHz carrier only have 1/16 possibility to transmit on all LBT channels (the left most condition in Figure 2) if we assume all channels have equal occupation probability. In that case, there are very limited chance to use wider bandwidth carrier in “All-or-nothing” transmission. 
“Channel puncturing” transmission also have relative lower spectrum efficiency (75% at the most for 80MHz). It also has problem to prepare proper PDSCHs because LBT results are quite variable (other cases except the left most in Figure 2) and the processing timeline is very short (9us between the end of LBT and DL transmission). It also leads to very challenging for BS to prepare corresponding channel filter and for PDSCH reception on UE side [1]. 
Furthermore, based on WF on NR-U SEM in RAN4#93 [4] (see Table 1 below), only some of LBT results are covered in the agreement and other cases are not being discussed in RF session. 



Table 1. Applicable cases for the mask on NR-U 
	BW
	40MHz
	60MHz
	80MHz 

	LBT results 
0: CCA is failed;  
1: CCA is successful
	 0 1
 1 0
	1 1 0
1 0 0
0 1 1
0 0 1
	1 1 1 0
1 1 0 0
1 0 0 0
0 1 1 1
0 0 1 1
0 0 0 1
1 0 1 0
0 1 0 1



Observation 2: Wideband operation 2 “All-or-nothing” might have low possibility to implement wider bandwidth (>20MHz) carrier when other RAT systems are active at the same time. 
Observation 3: Wideband operation 2 “Channel puncturing” has relative lower spectrum efficiency than WB1 and it is challenging for PDSCH transmission and reception according to LBT result. 
Observation 4: There are some LBT situation cases not being discussed in NR-U SEM session. 

In summary, we can see advantages/limitations in each of operations.  
	Wideband operation
	WB1
	WB2

	Advantages
	· It is essentially the same as that specified for LTE-LAA/eLAA/feLAA
· Rel-15 demodulation requirements for 20MHz can be reused.
· High spectrum utilization
	· Carrier bandwidth can be larger than 20MHz


	Limitations
	· Carrier bandwidth is only 20MHz
	· Need extra demodulation requirements 
· “All-or-nothing” has low possibility to transfer when carrier bandwidth is much larger than 20MHz and other RAT systems are active at the same time 
· “Channel-puncturing” has trouble to handle PDSCH transmission and reception according to different LBT results in very critical processing timeline. 
· There are some “Channel-puncturing” LBT cases not being discussed in SEM session.


[bookmark: _Hlk47630167]Two operations are optional for UE, and it would depend on UE chip vender’s implementation. For demodulation perspective, both operations might need to be supported, but it would be better not to consider WB2 “Channel-puncturing” now due to the SEM discussion has not cover all cases yet. 

[bookmark: _GoBack]Proposal 1: It would be better not to consider “Channel-puncturing” transmission for Rel-16 NR-U demodulation discussion.



For UL WB2, bandwidth 100MHz case is under study and SCS 60kHz have not much benefit with interlacing structure, then they should not be included in Rel-16 discussion. We only need to focus on bandwidth 20/40/60/80MHz and SCS 15/30kHz cases [2]. Considering only “All-or-nothing” transmission will be used, then very similar performance would be expected for each SCS if the physical channel structures are same between different BW. In that case, considering the test cases and requirements for 20MHz BW with different SCS should be sufficient. 
For 20MHz cases which supported by both WB1 and WB2, only one operation mode should be tested based on manufacturer declaration. We can use a test applicability rule to handle it. 

Proposal 2: Only considering test cases and requirements for 20MHz with 15kHz/30kHz SCS should be sufficient for NR-U BS demodulation.  
Proposal 3: Test only one operation mode using a test applicability rule based on manufacturer declaration of which mode is tested.

WB2 introduce intra-cell guard band between RB sets to protect transmission channel from the power leakage of adjacent channel. This guard band also make it easier for radio channel filter design for different LBT sub-band combinations. Although PRBs in intra-cell guard band(s) which is between continuous CCA successful LBT RB sets might also be scheduled for transmission in some conditions, the performance difference could be small due to the number of these PRBs is very limited. It would be good to always not schedule intra-cell guard band PRBs for transmission for demodulation requirement discussion. 

Proposal 4: Always considering intra-cell guard band for demodulation requirements in wideband operation 2.  
   
  
· UL interlacing
UL interlacing is a key optional feature for NR-U UL transmission. The main motivation of using block interlaced structure is to maintain high output power at the same time comply to local regulations on occupied channel bandwidth (>=80%) and maximum PSD (e.g. 10dBm/MHz). According to the 3GPP study report [2], interlaced structure will deliver obvious benefit for 15kHz and 30kHz SCS cases at least. Furthermore, the RF part already have FRC for REFSENCE with interlacing structure, then the corresponding new demodulation requirement for this structure is needed [4].
The legacy non-interlaced transmission is also supported by Rel-16 NR-U. It is optional for UE to support. Then we might need to consider if new requirements are necessary for non-interlacing structures. 
Proposal 5: Introduce new requirements for interlacing structure for NR-U BS demodulation.
Proposal 6: Study the necessary of non-interlacing structure demodulation requirements.
· PUSCH
As we mentioned above, PUSCH will use “All-or-nothing” transmission for WB2. The features are listed below: 
1. Only continuous RB sets can be scheduled for PUSCH
2. The intra-cell guard bands between scheduled RB sets can also be scheduled for transmission.
3. Using Type 2 FDRA (Frequency domain resource allocation) interlaced structure. X bitmap is used to indicate the allocated interlace(s) and Y bitmap is used to indicate the PRBs from which RB set(s), see Figure 3. 
[image: ]
Figure 3. Example of FDRA for 80MHz interlace transmission 
Considering Proposal 5 above, we suggest only consider no scheduling intra-cell guard band PRB for transmission cases for demodulation requirements discussion. There are many scheduling possibilities by changing X bits and Y bits. For each BW and SCS combination, considering only one case should be reasonable for reducing test effort. We suggest considering the case scheduling only one allocated interlace with the maximum RB sets in each slot for performance requirements. Taking 80MHz 30kHz SCS in Figure 3 as an example, X = [1 0 0 0 0] and Y = [1 1 0 0] (S=1, L=4) can be the suitable test case for performance requirements. This choice can give the widest bandwidth occupation and the worst performance (due to the fewest transmission PRBs), especially suitable for fading channel requirement discussion. This is also aligned with the FRC definition method in RF session [4].  
Proposal 7: Consider the case scheduling only one allocated interlace with the maximum RB sets in each slot for NR-U PUSCH performance requirements of each BW and SCS combinations.  
For NR-U 2-step RACH, we can follow the agreement in 2-step RACH discussion that PUSCH in MSGA doesn’t need extra requirements for local area BS.  
Proposal 8: Follow 2-step RACH agreement, no extra PUSCH requirements for NR-U 2-step RACH MsgA for Local area BS. 
The requirements for UCI multiplexed on PUSCH should also be considered for NR-U due to the interlacing structure will be used. The test cases might cover different modulation and PRB number for UCI with different PUCCH formats.   
Proposal 9: Introduce new requirements for UCI multiplexed on PUSCH with interlacing structure.
· PUCCH
PUCCH use the same structure (interlace or non-interlace) as PUSCH for easier multiplexing between them.  There are some other features need to be highlighted for PUCCH demodulation:
1. Rel-15 PUCCH format 2 and 3 in their legacy contiguous PRB form are supported.
2. PUCCH format 0/1/2/3 are enhanced to support the interlaced structure, but enhanced formats don’t support frequency hopping.
3. For interlaced structure, PUCCH bandwidth is 20MHz except format 3 which uses only 10 PRBs per interlace
4. Only a partial of interlace will be used for PUCCH. 
Since format 0/1/2/3 have new formats for interlaced structure, then new requirements for new formats should be needed. Considering alignment with PUSCH and reducing test effort, PUCCH demodulation should only consider 1 interlace cases. Then we have following proposals for PUCCH demodulation in WB2.
Proposal 10: For NR-U PUCCH demodulation requirements with interlacing structure, only consider 1 interlace test case for interlaced structure PUCCH format 0/1/2/3.  
· PRACH
In order to fulfil minimum occupied channel bandwidth (OCB) requirements (e.g. minimum 80% OCB in ETSI BRAN) and allow larger transmit power at a certain PSD restriction, Rel-16 introduce enhanced PRACH formats with larger bandwidth (~20MHz). 
[image: ]
Figure 4. PRACH occasion bandwidth options for short formats in FR1
The highlight features for NR-U PRACH are listed below: 
1. Supports all Rel-15 PRACH formats and configurations. Short formats are more useful in typical NR-U scenario.
2. Supports larger bandwidth Ax, Bx, Cx formats. L=1151 for 15kHz SCS and L=571 for 30kHz SCS. There are new cyclic-shift tables for larger bandwidth PRACH occasion.
3. No interlaced structure
4. Need to choose proper PRACH configuration to minimize the number of LBTs for NR-U 2-step RACH
Larger bandwidth PRACH occasion can be considered when coverage is the main concern. In that case, we suggest only introduce limited test cases for larger bandwidth PRACH if companies think it is necessary. There is no impact from 2-step RACH for demodulation perspective.
Proposal 11: Introduce the requirement and test cases for larger bandwidth NR-U PRACH demodulation but take care to limit the number of new requirements.

3. Conclusion
Observation 1: For Wideband operation 1, 20MHz demodulation requirements (PUSCH/PUCCH/PRACH) in Rel-15 can be reused.
Observation 2: Wideband operation 2 “All-or-nothing” might have low possibility to implement wider bandwidth (>20MHz) carrier when other RAT systems are active at the same time. 
Observation 3: Wideband operation 2 “Channel puncturing” has relative lower spectrum efficiency than WB1 and it is challenging for PDSCH transmission and reception according to LBT result. 
Observation 4: There are some LBT cases not being discussed in NR-U SEM session.
Proposal 1: It would be better not to consider “Channel-puncturing” transmission for NR-U demodulation discussion.

Proposal 2: Only considering test cases and requirements for 20MHz with 15kHz/30kHz SCS should be sufficient for NR-U BS demodulation.
Proposal 3: Test only one operation mode using a test applicability rule based on manufacturer declaration of which mode is tested.
Proposal 4: Always considering intra-cell guard band for demodulation requirements in wideband operation 2.
Proposal 5: Introduce new requirements for interlacing structure for NR-U BS demodulation.
Proposal 6: Study the necessary of non-interlacing structure demodulation requirements. If it is necessary, only 20MHz requirements should be enough. 
Proposal 7: Consider the case scheduling only one allocated interlace with the maximum RB sets for NR-U PUSCH performance requirements of each BW and SCS combinations.
Proposal 8: Follow 2-step RACH agreement, no extra PUSCH requirements for NR-U 2-step RACH MsgA for Local area BS.
Proposal 9: Introduce new requirements for UCI multiplexed on PUSCH with interlacing structure.
Proposal 10: For NR-U PUCCH demodulation requirements with interlacing structure, only consider 1 interlace test case for interlaced structure PUCCH format 0/1/2/3.
Proposal 11: Introduce the requirement and test cases for larger bandwidth NR-U PRACH demodulation but take care to limit the number of new requirements .
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