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1 Introduction

NR-U core requirements have been discussed in previous RAN4 meetings. The performance parts for Rel-16 will start from August meeting. This paper provides an overview of the new features introduced in RAN1 specification, and in our view their applicability to RAN4 UE performance testing.
2 Demodulation requirements
2.1 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. 

WB1 also brings up convenience for future requirements discussion, such as possible wider LBT bandwidth in 6GHz.  

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. 

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 [5] (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 1: 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 2: 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 3: 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
· High spectrum utilization
	· Carrier bandwidth can be larger than 20MHz



	Limitations
	· Carrier bandwidth is only 20MHz
· PRBs used for inter-carrier guard when higher than LBT BW CCA is granted


	·  “All-or-nothing” has lower 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.


Two operations are optional for UE, and it would depend on UE chip vendor’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. 

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

2.2 COT Considerations

Current RAN4 UE demodulation requirements does not consider scenarios where there is a scheduling grant needed before transmission, nor does it take into consideration a channel occupancy time (COT) duration when the BS/TE will be allowed to transmit DL data to a receiving UE. TR36.899 defines the COT for ITU Region 1 (Europe) for Frame-Based-Equipment as a minimum of 1ms, and maximum 10ms. Depending on regional differences the COT grant can be {4, 10, 20}ms which means that demodulation requirements will vary in length depending on COT grant. For NR, Rel-15 eMBB FRCs are defined over a 20ms periodicity, accounting for an SSB periodicity of 20ms. This means that the existing Rel-15 eMBB PDSCH demodulation requirements in their current form cannot be reused for NR-U PDSCH demodulation requirements.

Observation 4: Rel-15 NR eMBB PDSCH demodulation requirements cannot be reused for NR-U PDSCH demodulation requirements.
Furthermore, there is also an LBT processing time to consider before the BS/TE will start its transmission. The LBT processing time may vary, and consequently the first slot in the COT will therefore vary in length, e.g., from a full 14os slot, down to a few OFDM symbols in duration.
In LTE specification, License assisted access (LAA) tests are defined based on {1,3,5,8} continuous subframes, with the last subframe occupying {6,9,12,14} OFDM symbol duration [4]. LAA based demodulation requirements can be used as a baseline starting point for designing NR-U demodulation requirements. The obvious difference being that NR has the flexibility of supporting different numerologies {15,30,60} kHz in FR1. Depending on which numerologies are chosen there will be a need to modify the LAA test setup to make it work.
Proposal 2: Use LTE LAA requirements as starting point for defining NR-U PDSCH demodulation requirements.
Observation 5: Baseline LTE LAA requirements will need to be modified if requirements are defined for a numerology above 15kHz.

Proposal 3: Initially introduce demodulation requirements for PDSCH with 20MHz LBT BW.
2.3 Control Channel
The DCI format 2_0 is used for indicating COT duration for the UE alongside slot format. This DCI format was not included in the framework of Rel-15 eMBB PDCCH demodulation testing. Rel-15 eMBB PDCCH requirements cover DCI formats 1_0, and 1_1 respectively. The payload size covered with Rel-15 eMBB requirements is up to 52 bits. DCI format 2_0 has a payload of up to 128bits, which from a demodulation perspective is the only distinguishing difference compared to the already existing requirements. 

From a demodulation perspective, there is no need in defining new control channel requirements when LBT grant has been given. However, similarly to LTE; there is a need to set demodulation requirements based on the probability of missed scheduling grant.
Proposal 4: Define new control channel demodulation based on LTE LAA framework covering DCI format 2_0

Proposal 5: Cover PDCCH demodulation requirements with Coreset LBT BW
3 Conclusion
In this paper we made the following observations: 
Observation 1: 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 2: 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 3: There are some LBT situation cases not being discussed in NR-U SEM session. 

Observation 4: Rel-15 NR eMBB PDSCH demodulation requirements cannot be reused for NR-U PDSCH demodulation requirements.
Observation 5: Baseline LTE LAA requirements will need to be modified if requirements are defined for a numerology above 15kHz.

Based on the discussion in this paper we propose the following:
Proposal 1: It would be better to not consider “Channel-puncturing” transmission for Rel-16 NR-U demodulation discussion.
Proposal 2: Use LTE LAA requirements as starting point for defining NR-U PDSCH demodulation requirements.

Proposal 3: Initially introduce demodulation requirements for PDSCH with 20MHz LBT BW.

Proposal 4: Define new control channel demodulation based on LTE LAA framework covering DCI format 2_0

Proposal 5: Cover PDCCH demodulation requirements with Coreset LBT BW
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