[bookmark: OLE_LINK6][bookmark: _GoBack]3GPP TSG RAN WG1 #104Bis-e	R1-2103492
e-Meeting, April 12th - 20th, 2021

Title:	Discussion on the channel access for 52.6 to 71GHz
Source: 	ZTE, Sanechips
Agenda Item:	8.2.6
Document for:	Discussion and Decision
 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the RAN1 #104 e-meeting [1] , the following agreement on channel access have been reached:
Agreement:
The baseline ED threshold can be computed as

 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.
· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP
Agreement:
For LBT for single carrier transmission, consider the following alternatives
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.2. gNB/UE performs LBT over the transmission bandwidth (from the lowest RB to the highest RB used for the transmission)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, consider the following alternatives
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.3. gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth (from the lowest RB in to the highest RB used for the transmission in the CC)
· Alt CA.4. gNB/UE performs LBT over the transmission bandwidth over all CCs (from the lowest RB in the lowest CC to the highest RB in the highest CC used for the transmission)
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC
Note: supporting more than one alternative for at least multi-carrier transmission in intra-band CA is not precluded.
Agreement:
For energy measurement in 8us deferral period, down-select from the following:
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
· Alt 3. Extend the 8us to 10us and perform two measurements, one in each 5us segment
For energy measurement in 5us observation slot, perform single measurement
· FFS minimum duration of the measurement
· FFS location of the measurement
Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT
· FFS: Value for Y
· FFS: How to define the one-shot LBT
Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation
Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y: Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT: Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance: Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.
Agreement:
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 
Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch
Agreement:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed
Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced
In this contribution, we will share our views on channel access mechanism for 52.6 GHz to 71GHz.
 Discussion
 LBT Bandwidth
In RAN1 #104 e-meeting, we had discussed on how to define LBT bandwidth in the case of single carrier transmission and multi-carrier transmission and some fundamental consensus had also been reached, copied as follows:
For LBT for single carrier transmission, consider the following alternatives
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.2. gNB/UE performs LBT over the transmission bandwidth (from the lowest RB to the highest RB used for the transmission)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, consider the following alternatives
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.3. gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth (from the lowest RB in to the highest RB used for the transmission in the CC)
· Alt CA.4. gNB/UE performs LBT over the transmission bandwidth over all CCs (from the lowest RB in the lowest CC to the highest RB in the highest CC used for the transmission)
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC
Note: supporting more than one alternative for at least multi-carrier transmission in intra-band CA is not precluded.
For single carrier transmission case, 
· Regarding Alt SC.1, if channel bandwidth is configured to be large and once LBT is performed failure in such large bandwidth, then it will lead to large wast of resource and degrade the opportunities of accessing channel. Otherwise, if channel bandwidth is configured to be small such as the minimum channel bandwidth or certain channel bandwidth as defined in RAN4, then the above mentioned issue will be alleviated. For this case, we understand that Alt SC.1 can be considered as a special case of Alt SC.3 only if the channel bandwidth is small or defined as the unit of LBT bandwidth.
· Regarding Alt SC.2, if the channel bandwidth is larger than the transmission bandwidth, then LBT bandwidth is equal to transmission bandwidth. This means we allow sensing only on the configured frequency resource, which is inconsistent with the principle of LBT design and fair coexistence that LTE-LAA and NR-U have always adhered to. Besides, such methods will also cause a variable LBT bandwidth due to LBT bandwidth changes with transmission bandwidth.
· Regarding Alt SC.3, the unit of LBT bandwidth is similar to LBT bandwidth corresponding to RB set specified in NR-U, which is beneficial to increase the chance of accessing channel and decrease resource waste due to multiple LBT is used. Besides, it is also conducive to supporting friendly and fair coexistence between the same systems or different systems. For example, when different channel bandwidth is configured for NR-U and NR-U, or NR-U and Wi-Fi, then method of Alt SC.3 will be helpful to align LBT bandwidth with each other. Wherein, the unit of LBT bandwidth can be defined as the minimum channel bandwidth, or a special channel bandwidth in the channel bandwidth. 
For multi-carrier transmission case, 
· Regarding Alt CA.1, the same issue mentioned in Alt SC.1 also exists in each channel bandwidth of Alt CA.1, that is, when channel bandwidth is configured to be large and once LBT is performed failure in such large bandwidth, then this method will lead to large waste of resource and degrade the opportunities of accessing channel. However, if each channel bandwidth is exactly equal to the defined LBT bandwidth unit, then we think Alt CA.1 and Alt CA.3 are equivalent.
· Regarding Alt CA.2, although this method is relatively simply from the implementation point of view, but the drawback of single LBT will cause some unnecessary waste of resources and less the probability of channel access compared to multiple LBT.
· Regarding Alt CA.3 and Alt CA.4, we have the same concern as Alt SC.2. 
· Regarding Alt CA.5, it is same as Alt SC.3, which is helpful to improve the chance of channel access and spectrum efficiency due to the introduction of LBT bandwidth unit.
Based on the analysis of the above all candidate alternatives, our 1st preference is Alt SC.3 and Alt CA.5 considering channel access probability and spectrum utilization and friendly and fair coexistence between the same systems or different systems. Further, if Alt SC.3 and Alt CA.5 are supported, then we understand that it is not necessary to separately define LBT bandwidth for single carrier and multi-carrier cases, just a LBT bandwidth unit needs to be defined.
Proposal 1: Alt SC.3 that “Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth” and Alt CA.5 that “Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC” should be considered to be supported, considering channel access probability and spectrum utilization and friendly and fair coexistence between the same systems or different systems.
Proposal 2: If Alt SC.3 and Alt CA.5 are supported, it is not necessary to separately define LBT bandwidth for single carrier and multi-carrier cases, just a LBT bandwidth unit needs to be defined.
[bookmark: _Toc28873153] Nominal Bandwidth
In the RAN1 #103 e-meeting, the definition of nominal bandwidth have been fully discussed to clarify the OCB requirement but there is still no common understanding and views on its definition. Mainly divergence is whether the nominal bandwidths at the UE/gNB should be regarded as the subset of UL/DL channel BWs supported by UE/gNB from the set of channel BWs (carrier) to be defined in 38.101/38.104, or the maximum UL/DL channel BW supported by the UE/gNB. For the former, it seems to be an acceptable understanding for majority companies. For the latter, few companies think such definition is enough if it is only used for spurious energy test and it is simpler than the definition of the former. In principle, either of both is fine for us, but prefer to the definition of the former for nominal bandwidth due to it provides more flexible and allows to use any channel bandwidth supported by UE/gNB considering UE capability.
Besides, we have also noticed that some companies suggested that if on the definition of nominal channel bandwidth is difficult to reach a consensus, then they can go back and accept that nominal bandwidth is not defined and leave it for gNB/UE implementation. For this view, we think it is necessary to provide a clear definition of nominal bandwidth in order to avoid any ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion of the OCB requirement of draft version v2.1.20 of EN 302 567[2] in RAN1 #102 e-meeting.
For the conclusion on OCB requirement, we would like to clarify that the OCB should be satisfied for each transmitter (gNB and UE). That is to say, it is not allowed to appear a case that the transmitter meets the OCB when transmission, while its response device such as receiver does not satisfy the OCB when sending information on the channel.
Proposal 3: In order to avoid ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion for the OCB requirement, it is necessary to introduce a clear the definition of nominal bandwidth.
Proposal 4: The nominal bandwidth can be defined as follows:
· Nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· Nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.
 Short Control Signalling
In the latest draft version V2.2.0 of EN 302 567 [3], the definition and rule of Short Control Signalling transmission were introduced and copied as follows:
	4.2.6.2	Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.
4.2.6.3	Limits
The use of Short Control Signalling Transmissions shall be constrained as follows:
within an observation period of 100 ms,
the total duration of the equipment's Short Control Signalling Transmissions shall be less than 10 ms within said observation period.


For the above the definition and limitation of Short Control Signalling (SCS), we can obtain the following information:
· 10ms limitation within 100ms observation period should be met for each transmitter such as gNB or UE.
· But regarding how to understand 10ms the limitation within 100ms observation period has not a basic consensus yet.
· “Management and control frames” can be regarded as Short Control Signalling. 
· However, it is not clear/specified in EN 302 567 what management and control frames is or which signals and/or channels can be classified as Short Control signalling. 
· If 10ms limitation within 100ms observation period is met, then LBT cannot be performed before Short Control Signalling is transmitted.
Regarding how to understand 10ms limitation within 100ms observation period, the following three understandings can be considered:
Understanding 1: a cumulative sum of all transmitted symbols for SCS transmission as shown in (1) of Fig 1 is used to evaluate whether to meet 10ms limitation;
Understanding 2: a cumulative sum of more span times as shown in (2) of Fig 1 is used to evaluate whether to meet 10ms limitation. Wherein each span time is calculated from the start of first SCS transmission to the end of last SCS transmission in a period. For this understanding, we need to further discuss and clarify whether other channel/signal can be multiplexed with transmitted channel/signal that is regarded as Short control signalling.
Understanding 3: a span time that starts from the starting of first transmitted channel/signal (viewed as SCS) until the ending of the last transmitted channel/signal (viewed as SCS) within 10ms duration as shown in (3) of Fig 1 is used to evaluate whether to meet 10ms limitation. The same issue to be further discussed and clarified as in Understanding 2 also exists in Understanding 3.



(1) Understanding 1


(2) Understanding 2


(3) Understanding 3
Figure 1: The understanding of 10ms the limitation within 100ms observation period
For above Undertanding2 and Understanding3, a common feature is that the symbols between transmitted channel/signal (seen as SCS) are counted in 10ms limitation and these symbols are not used to transmit this channel/signal, which may cause some unnecessary LBT operation to be introduced before transmission. By contrast, Understanding1 is a relative simple and reasonable understanding for the definition of 10ms limitation.
Observation 1: On 10ms limitation of Short Control Signalling, it is recommended that “Understanding1: a cumulative sum of all transmitted symbols for SCS transmission is used to evaluate whether to meet 10ms limitation” should be considered.
Regarding which signals/channels can be classified as Short Control signalling, at least the following can be considered:
· SS/PBCH
Based on the Understanding1 mentioned above, for 120kHz SCS SS/PBCH, the total transmission duration is determined by formula: 5 times 256 symbol length, which is about 11.36ms that exceed 10ms limitation. Herein, 64 SS/PBCHs are included in 16 slots and every slot contains 4 SS/PBCHs and every SS/PBCH consists of 4 symbols and every symbol is approximately 8.875us. While for 240/480/960kHz SCS SS/PBCH, the total transmission duration is approximately 5.68ms/2.84ms/1.42ms respectively, which satisfies the restriction of Short Control Signalling.
Observation 2: 
· For 120 kHz SCS SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period exceeds 10ms limitation within a 100ms observation period required for short control signalling.
· For larger SCS (e.g., 240/480/960kHz) SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period does not exceed 10ms limitation within a 100ms observation period required for short control signalling.
· Msg1/Msg3/MsgA
Based on the Understanding1 mentioned above and from a UE point of view, we think Msg1/Msg 3 transmission can satisfy 10ms limitation within 100ms observation period due to it occupies less time resource. MsgA including MsgA preamble and MsgA PUSCH can also meet 10ms restriction rule due to the gap between MsgA preamble and MsgA PUSCH is not counted in 10ms limitation and only count the time of MsgA preamble transmission and MsgA PUSCH transmission, respectively. 
Observation 3: Based on the Understanding1: a cumulative sum of all transmitted symbols for SCS transmission is used to evaluate whether to meet 10ms limitation, Msg1 or Msg3 or MsgA can be considered to apply Contention Exempt Short Control Signaling rules.
· Other UL/DL channels/signals
For other UL/DL channels/signals using Short Control Signalling rule, we think it is necessary to be further evaluated and discussed.
Another issue on the situation that the transmission of DL/UL channels/signals considered as Short Control Signalling exceeds 10ms limitation, we think it is a nature way to switch from No LBT mode to LBT mode. 
Besides, if the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE, in our understanding, it should not be counted into 10ms limitation within the 100ms observation period.
Observation 4: For the case of the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE, it is suggested that such transmission should not be counted into 10ms limitation within the 100ms observation period.
Proposal 5: SS/PBCH other than 120kHz SCS and Msg1 or Msg3 or MsgA can be considered using Contention Exempt Short Control Signaling rules.
 Channel Access Mechanism
 No LBT
In RAN1 #102 e-meeting, we have reached a basic common that both LBT and No LBT are supported for gNB/UE to initiate a channel occupancy. But there is still no consensus on whether it is necessary to limit the conditions when No LBT is used, and the restriction of the length of a transmission corresponding to No LBT, and the triggering conditions for No LBT fallback to LBT. In RAN1 #104 e-meeting, the issue on whether to define the maximum gap within a COT sharing without LBT have discussed and reached some basic consensus as follows:
	Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT
· FFS: Value for Y
· FFS: How to define the one-shot LBT



For COT sharing case, we suggest that similar rule as specified in below 7GHz NR-U that the gap between DL and UL is less than or equal to 16us can be re-used in 52.6 to 71GHz frequency band, e.g., when the gap between DL/UL and UL/DL is less than or equal to a certain value, then No LBT still can be used before DL/UL transmission. While for the case of the gap between DL/UL and UL/DL is larger than a certain value, one-shot LBT should be performed before transmission in order to fair and friendly coexistence with the other nodes from same/different system.
Furthermore, No LBT can be also considered to be used in (1) specific areas such as ITU region 2 and 3 in which No LBT is not required to be used for unlicensed carrier. (2) interference controlled environment. (3) a common case that NR-U and NR-U coexistence scenario and the absence of any other systems can be guaranteed. For instance, the node1 belongs to operator 1 while the node2 is served for operator 2. If the transmitted beams of node 1 and node 2 do not overlap or transmission of two nodes is not interfered each other, then the transmission for the node preparing to transmit will not affect that for another node even if LBT is not performed for the node preparing to transmit.
Proposal 6: No LBT can be considered to be used in the following cases:
· COT sharing case.
· Support Alt 3: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT.
· Specific areas such as ITU region 2 and 3.
· Interference controlled environment.
· The transmission beams of nodes of different operators in the same system (e.g., NR-U) have little interference with each other.
Although we observe that No LBT can be applied in some specific cases and even can be extended to more cases in the future. In our understanding, no LBT should be workable only if some interference elimination mechanisms are applied on top of it, e.g. Automatic Transmit Power Control (ATPC), Dynamic frequency selection (DFS), duty cycle. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Observation 5: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
On the restriction of the length of a transmission for using No LBT, we think that similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed. On the contrary, if there is no any limitations on the length of a transmission for using No LBT, it may lead to unfair the opportunities of channel access/occupancy and also violate the basic principle of friendly and fair coexistence, e.g., the transmission of some nodes is continuously blocked, or the effect of persistent interference on devices that have occupied the channel in advance.
Proposal 7: Similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed.
Furthermore, it is necessary to support certain mechanism to allow the fallback from no LBT to LBT, if the above mentioned condition is not satisfied. This can be triggered by gNB explicitly or implicitly, e.g. based on the interference level or correctly decoding rate.
Proposal 8: Conditions for No LBT fallback to LBT should be further studied, e.g., based on the interference level or correctly decoding rate.
 LBT Mechanism
In RAN1#103 e-meeting, it had been supported that using the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz if LBT is applied. Furthermore, we have also discussed whether it is necessary to support CWs adjustment mechanism but there was no consensus. For this issue, we think its introduction is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi due to it had been introduced in 802.11ad/ay. Therefore, we understand that current CCA check procedure in EN 302 567 should be regarded as “Cat 4” rather than “Cat3”.
Observation 6: CWs adjustment can be considered to be introduced, which is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi.
Observation 7: Current CCA check procedure in EN 302 567 can be regarded as “Cat 4” rather than “Cat3”.
Regarding how to define energy measurement for 8us deferral period and 5us observation slot, we think similar sensing structure defined in low frequency NR-U can be reused for 52.6 to 71GHz frequency band, for example, 8us deferral period can be divided into two observation slots such as 3us and 5us and energy measurement can be performed in each observation slot. Wherein, the location of energy measurement in observation slot can be anywhere, while the specific length of energy measurement can be further discussed. Note that 3us energy measurement length is specified in 802.11 ad/ay.
Observation 8: For 8us deferral period, two energy measurements are performed in 3us observation slot and 5us observation slot, respectively.
Observation 9: Single energy measurement is performed in 5us observation slot.
Observation 10: 
· The location of energy measurement can be anywhere in each observation slot.
· The length of energy measurement can be further discussed.
1.1.1.1  Omni-directional LBT
In low frequency (e.g., below 7 GHz), in order to guarantee fair coexistence with the incumbent Wi-Fi system such as 802.11 ac/ax in the unlicensed carrier, omni-directional LBT with energy detection considering no array gain was introduced in LTE-LAA/eLAA/FeLAA/NR-U. 
In high frequency, similar omni-directional LBT is used in IEEE 802.11 ad/ay for 60 GHz frequency band. However, for release 17 NR-U, if such omni-directional LBT is simply copied in NR-U above 52.6 GHz frequency band, this will be able to cause a sensing inaccuracy problem, or “over protection” issue. For example, high interference detected on the omni-directional beam range could block the transmission on narrow directional beam range even if the transmission does not interfere with the transmission of the other nodes in the other beam directions. 
Based on the above analysis, it is necessary to study directional LBT mechanism for directional transmission in order to improve the probability of channel access and spatial reuse.
1.1.1.2  Directional LBT
Based on the analysis of Section 2.4.2.1, we can know that directional LBT may be a good choice to increase the opportunities of channel access and achieve better spatial reuse compared to omni-directional LBT without causing any significant interference problem. Wherein, for directional LBT, the transmitting node performs energy detection with directional beam instead of omni beam. 
Regarding directional LBT, the first problem we need to discuss and determine is the relationship between the LBT sensing beam and the transmission beam. In LTE-LAA and below 7GHz NR-U, LBT sensing beam is reception beam that is same with transmission beam due to omni-directional transmission and reception mode. While for above 52.6GHz, similar principle to determine LBT sensing beam in LTE-LAA and below 7GHz NR-U can be reused. Further, under the premise of the reciprocity of the transmitting and receiving channels, we can assume that the interference conditions in the LBT sensing beam and the transmission beam are almost the same such that the node can relatively accurately assess the interference within the transmission beam range. Conversely, if there is no the reciprocity assumption of transmission beam and reception beam, when LBT sensing beam ( e.g., reception beam) is wider than the transmission beam and/or partially overlapping with each other, then the interference condition in LBT beam (e.g., reception beam) may be different with that of the transmission beam, or it may not be accurately reflect the actual interference in the transmission beam. For this case, some methods on how to accurately evaluate the actual interference in the transmission beam when LBT sensing beam (i.e. the reception beam) is not fully overlap with transmission beam need to be considered, e.g., introduce an additional factor to reflect the difference of transmission beam and reception beam, or direct consider transmission beam as LBT sensing beam.
However, from the implementation and standardization point of view, we prefer to specify the relationship between LBT sensing beam and transmission beam based on the reciprocity assumption of transmission beam and reception beam.
Proposal 9: If directional LBT is supported, it is necessary to further define the relationship between LBT sensing beam and transmission beam:
· Under the assumption of channel reciprocity between transmission beam and LBT sensing beam, LBT sensing beam and transmission beam are actually equivalent.
· Without the assumption of channel reciprocity between transmission beam and LBT sensing beam, when LBT sensing beam (e.g., reception beam) is wider than the transmission beam and/or partially overlapping with each other, certain method need to be further considered, e.g., introduce an additional factor to reflect the difference of transmission beam and reception beam, or directly consider transmission beam as LBT sensing beam.
The second issue on directional LBT is what type of LBT is used for the transmission with multiple beams in spatial domain multiplexing (SDM). Based on the agreement of the RAN1#104 e-meeting, we can see that two types of LBT are provided, copied below:
· Alt-1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold.
· Alt-2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT.
For Alt-1, it means the result of one LBT that covers all transmission beams can decide whether to allow transmitting transmission in unlicensed band. Once one LBT with wide beam cover all transmission beam is performed failure, then the device will not be allowed to transmit transmission in any of all transmission beams, which will result in the loss of transmission opportunities and some unnecessary waste of resources due to part of all transmission beams do not unnecessarily experience severe interference.
Compared with Alt-1, Alt-2 can overcome or alleviate the issues existed in Alt-1 and increase the probability of accessing channel to some extent. Further, if multiple per-beam LBT is supported, its design can refer to multiple-channel access procedure specified in TS37.213 or take multiple-channel access procedure as a starting point of study.
Proposal 10: Considering transmission opportunity and utilization of resource, multiple per-beam LBT that cover multiple transmission beams used in COT can be considered to be performed at the start of COT, if directional LBT is supported.
The third issue on directional LBT is the rule of LBT used for the transmission with multiple beams in time domain multiplexing (TDM) within a COT. Based on the agreement of the RAN1#104 e-meeting, the candidate schemes are provided below:
· Alt-1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· FFS: Details on the definition of "cover"
· Alt-2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt-3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch
Alt-1 will be beneficial to reduce overhead of LBT at the expense of channel access opportunity and resource utilization. Further, if the device only performs a directional LBT or omni-directional LBT at the beginning of the COT while does not perform any LBT operation before beam switching within COT, it may cause a problem that within COT some beams experience an unoccupied channel and the other beams encounter a channel with higher interference from other coexisting nodes. Therefore, at least for beam switching within COT, it is necessary to introduce additional directional LBT. Besides, the concept of “cover” also needs to be further clarified and given a clear definition.
Compared with Alt-1, Alt-2 and Alt-3 can provide more the chances of channel access and degrade the waste of resource. Further, the difference between Alt-2 and Alt-3 is that whether to introduce a one-shot LBT performed before beam switch in COT. For the former, transmission on some beams within COT may suffer from the strong interference that is different from interference state evaluated at the start of COT due to any LBT operation is not performed before beam switch. For the latter, it can avoid the above issue mentioned in Alt-2 and helps to achieve friendly and fair coexistence with the nodes of same/different system because the device will perform LBT operation before beam switch to avoid unnecessary interference to other nodes that is going to transmit transmission. Preferably, multiple beams based LBT can be considered to improve the probability of accessing channel. 
Further, regarding LBT mode or No LBT mode, we think at least it should be allowed by using DCI signalling dynamically indication on which beam to use LBT mode or No LBT mode. Preferably, on which beam LBT mode can be used according to demand. 
Proposal 11: Considering transmission opportunity and unnecessary interference to other device that is going to transmit transmission, Alt-3 that “Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch” can be considered for the transmission with multiple beams in time domain multiplexing, if directional LBT is supported.
 Receiver Assisted Channel Access
On receiver assisted channel access and interference management have been discussed in the RAN1 #103/104 e-meeting and reached the following agreement:
Agreement_RAN1#103:
The following receiver assisted channel access and interference management schemes have been considered and can be further investigated when specifications are developed
· Class A. Receiver provides assistance information (signalling) to transmitter only.  The following aspects of Class A can be further discussed when specifications are developed
· Applicability in the following potential channel access modes:
· LBT is performed prior to transmission
· No LBT is performed prior to transmission 
· Details of assistance information (e.g., type, timing, content, how the assistance information is obtained etc.)
· Whether the assistance information can be obtained by LBT performed at the receiver prior to transmission
· Whether the assistance information can be obtained by existing layer 1 and layer 3 measurements with enhancements if needed
· If any specification changes are needed to support Class A 
Agreement_RAN1#104:
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 
Based on the above conclusion, we need to further study the method of obtaining assistance information and related issues. Candidate methods are as follows:
· Method-1: The assistance information is obtained by existing layer 1 and layer 3 measurements with enhancements if needed
· Method-2: the assistance information is obtained by LBT performed at the receiver prior to transmission
In Method-1, for existing L1 measurement mechanism such as CSI-RS measurement and CSI reporting as specified in Rel-15/16, it is supported to configure the type of measurement resource as aperiodic, periodic, or semi-persistent and the type of reporting as aperiodic, semi-persistent, or periodic. Wherein, the supported combinations of CSI Reporting configurations and CSI-RS resource configurations is specified in Table 5.2.1.4-1 of TS 38.214. Besides, for existing L3 measurement, specification only supports periodic RSSI measurement and reporting. However, in high frequency band, if existing L1 and L3 measurement mechanism is reused in the unlicensed band, it may become difficult to ensure that gNB can send CSI-RS and UE can measure and report the result of corresponding measurement in the original occasion due to LBT and the limitation of MCOT if LBT is applied or the validity and timeliness of measurement and reporting if LBT is not applied due to mismatch between previous measurement results and current transmission channel state. Based on this, it is necessary to consider some enhancements for existing L1 and L3 measurement mechanism, e.g., introduce shorter the period of measurement and/or reporting, or, more flexible condition of MAC CE activation/inactivation, or aperiodic RSSI measurement and reporting mechanism and so on.
In Method-2, if supported, then we need to further discuss and determine whether assistance information is only obtained at the beginning of COT or can be also obtained within COT. In our understanding, if only the former is supported, then it may not be able to reflect and detect interference and collision within COT. Based on this, it may be beneficial to support periodic or aperiodic the report of assistance information on channel conditions within COT. Further, we think it is necessary to further clarify the uses case for Alt 3.2 Cat2 LBT used for receiver. As we know, Cat2 LBT in the current specs cannot be used outside the COT, that is to say, if Cat2 LBT is used for receiver, then it means Cat4 LBT has been used for transmitter to initiate a COT.
Proposal 12: For receiver assisted channel access and interference management,
· If existing L1 and L3 measurement mechanism is supported to obtain assistance information, some enhancements may need to be considered for using the measurement results timely and effectively to guide the subsequent transmission.
· If LBT is supported to obtain assistance information, assistance information can be considered to be obtained within COT in addition to the beginning of COT.
· If Cat2 LBT is used for receiver, then Cat4 LBT should be used for transmitter to initiate a COT.
 Energy Detection Threshold
In Section 2.4.2.2, we mentioned that energy detection threshold may need to be adjusted considering mismatch between LBT beam and transmission beam. For example, when LBT sensing beam is wider than or partially overlapping with transmission beam, in order to accurately evaluate the actual interference in the transmission beam, it is recommended to consider introduction an additional factor in current ED threshold formula to reflect the difference of transmission beam and reception beam.
Furthermore, if the absence of any other technology sharing the channel can be guaranteed on a long term basis (that is, no 802.11 ad/ay Wi-Fi nodes existence), then it seems we can appropriately relax energy detection threshold for NR-U and NR-U coexistence scenarios compared with the threshold of coexistence between NR-U and Wi-Fi. Wherein, similar rule have been supported in LTE-LAA and below 7GHz NR-U. 
Proposal 13: Considering mismatch between LBT sensing beam and transmission beam, the ED threshold provided by the ETSI BRAN 302 567 can be modified to consider mismatching between LBT sensing beam and transmission beam.
Proposal 14: For NR-U and NR-U coexistence scenarios, its ED threshold can be considered to be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
 Beam Failure Detection
As we know, the related operation on beam failure indication had been introduced in Rel-15/16 NR, e.g., periodically resources, evaluation period, periodicity, triggering condition for beam failure detection. More specifically, when the radio link quality for all corresponding resource configurations in the set [image: ]that the UE uses to assess the radio link quality is worse than the threshold Qout, LR, then the UE provides an beam failure indication from the physical layer to higher layers with a periodicity.
If beam failure detection mechanism specified in licensed band is considered to be used in unlicensed band, then it may not reflect the real beam status due to uncertainly RS transmission under the influence of LBT and COT. For example, if LBT is failed, then gNB cannot transmit RS used for beam failure detection to UE. Otherwise, if LBT is performed successfully, then gNB can send RS to UE within COT. Besides, due to the limited number of RS configured to UE for beam failure detection and COT length, once LBT failure occurred, then the number of RS configured for beam failure detection may be insufficient for evaluating the quality of the beams. Based on this, the procedure of beam failure detection may need to be enhanced under impact of LBT and limitation of COT length. 
Proposal 15: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
 Conclusion
In this contribution, we share some our views on channel access mechanism for 52.6 GHz to 71GHz and provide the following observations and proposals:
Proposal 1: Alt SC.3 that “Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth” and Alt CA.5 that “Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC”should be considered to be supported, considering channel access probability and spectrum utilization and friendly and fair coexistence between the same systems or different systems.
Proposal 2: If Alt SC.3 and Alt CA.5 are supported, it is not necessary to separately define LBT bandwidth for single carrier and multi-carrier cases, just a LBT bandwidth unit needs to be defined.
Proposal 3: In order to avoid ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion for the OCB requirement, it is necessary to introduce a clear the definition of nominal bandwidth.
Proposal 4: The nominal bandwidth can be defined as follows:
· Nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· Nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.
Observation 1: On 10ms limitation of Short Control Signalling, it is recommended that “Understanding1: a cumulative sum of all transmitted symbols for SCS transmission is used to evaluate whether to meet 10ms limitation” should be considered.
Observation 2: 
· For 120 kHz SCS SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period exceeds 10ms limitation within a 100ms observation period required for short control signalling.
· For larger SCS (e.g., 240/480/960kHz) SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period does not exceed 10ms limitation within a 100ms observation period required for short control signalling.
Observation 3: Based on the Understanding1: a cumulative sum of all transmitted symbols for SCS transmission is used to evaluate whether to meet 10ms limitation, Msg1 or Msg3 or MsgA can be considered to apply Contention Exempt Short Control Signaling rules.
Observation 4: For the case of the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE, it is suggested that such transmission should not be counted into 10ms limitation within the 100ms observation period.
Proposal 5: SS/PBCH other than 120kHz SCS and Msg1 or Msg3 or MsgA can be considered using Contention Exempt Short Control Signaling rules.
Proposal 6: No LBT can be considered to be used in the following cases:
· COT sharing case.
· Support Alt 3: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT.
· Specific areas such as ITU region 2 and 3.
· Interference controlled environment.
· The transmission beams of nodes of different operators in the same system (e.g., NR-U) have little interference with each other.
Observation 5: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Proposal 7: Similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed.
Proposal 8: Conditions for No LBT fallback to LBT should be further studied, e.g., based on the interference level or correctly decoding rate.
Observation 6: CWs adjustment can be considered to be introduced, which is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi.
Observation 7: Current CCA check procedure in EN 302 567 can be regarded as “Cat 4” rather than “Cat3”.
Observation 8: For 8us deferral period, two energy measurements are performed in 3us observation slot and 5us observation slot, respectively.
Observation 9: Single energy measurement is performed in 5us observation slot.
Observation 10: 
· The location of energy measurement can be anywhere in each observation slot.
· The length of energy measurement can be further discussed.
Proposal 9: If directional LBT is supported, it is necessary to further define the relationship between LBT sensing beam and transmission beam:
· Under the assumption of channel reciprocity between transmission beam and LBT sensing beam, LBT sensing beam and transmission beam are actually equivalent.
· Without the assumption of channel reciprocity between transmission beam and LBT sensing beam, when LBT sensing beam (e.g., reception beam) is wider than the transmission beam and/or partially overlapping with each other, certain method need to be further considered, e.g., introduce an additional factor to reflect the difference of transmission beam and reception beam, or directly consider transmission beam as LBT sensing beam.
Proposal 10: Considering transmission opportunity and utilization of resource, multiple per-beam LBT that cover multiple transmission beams used in COT can be considered to be performed at the start of COT, if directional LBT is supported.
Proposal 11: Considering transmission opportunity and unnecessary interference to other device that is going to transmit transmission, Alt-3 that “Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch” can be considered for the transmission with multiple beams in time domain multiplexing, if directional LBT is supported.
Proposal 12: For receiver assisted channel access and interference management,
· If existing L1 and L3 measurement mechanism is supported to obtain assistance information, some enhancements may need to be considered for using the measurement results timely and effectively to guide the subsequent transmission.
· If LBT is supported to obtain assistance information, assistance information can be considered to be obtained within COT in addition to the beginning of COT.
· If Cat2 LBT is used for receiver, then Cat4 LBT should be used for transmitter to initiate a COT.
Proposal 13: Considering mismatch between LBT sensing beam and transmission beam, the ED threshold provided by the ETSI BRAN 302 567 can be modified to consider mismatching between LBT sensing beam and transmission beam.
Proposal 14: For NR-U and NR-U coexistence scenarios, its ED threshold can be considered to be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
Proposal 15: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
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