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[XX]
3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access".

Next change
3.1
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1], in TS 36.300 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1] and TS 36.300 [2].

CAPC



Channel Access Priority Class
>>Skipped
LBT
Listen Before Talk
>>Skipped
NR
NR Radio Access

NR-U
NR Radio Access operating in unlicensed spectrum
>>Skipped
Next change
5.X Access to Unlicensed Spectrum
5.X.1
Overview
NR Radio Access operating in Unlicensed Spectrum (referred to as NR-U) can operate in a PCell, an SCell, or a PSCell. In stand-alone mode, all cells are in unlicensed spectrum. When NR-U SCells are in unlicensed spectrum, the PCell may be in licensed spectrum. An NR-U SCell may or may not be configured with UL. The DC-type of operation can be configured either with E-UTRAN node (connected to EPC or 5GC) as MN or with NR node as described in TS 37.340 [21]. 
The gNB and UE may apply Listen-Before-Talk (LBT) before performing a transmission on NR-U cells. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free. 
When the UE detects consistent LBT failures per BWP on the uplink, it takes actions as specified in TS 38.321 [6]. The detection is based on all uplink transmissions in this BWP. When uplink LBT failures are detected on PSCell or SCell(s), the UE reports this to the network.
Editor’s Note: It is FFS if it shall be possible to restrict data of which CAPC can be multiplexed into a TB with high priority data.
Editor’s Note: It is FFS if the MAC CE carrying the recommended bit rate uses the highest priority CAPC.
Editor’s Note: It is FFS whether and where to capture NR-U deployment scenarios (e.g. in this section or Annex).
Editor’s Note: The UE action upon detecting consistent uplink LBT failures on PCell is FFS.
5.X.2
Channel Access Priority Classes
Table 5.X.2-1 shows which CAPC should be used by traffic belonging to the different standardized 5QIs. A non-standardized 5QI (i.e. operator specific 5QI) should use suitable CAPC based on the below table, i.e. CAPC used for a non-standardized 5QI should be the CAPC of the standardized 5QIs which best matches the traffic class of the non-standardized 5QI.
Table 5.X.2-1: Mapping between Channel Access Priority Classes and 5QI

	Channel Access Priority Class (
[image: image1.wmf]p

)
	5QI

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-


Next change
9.2.1.2
Cell Reselection

A UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:

-
Cell reselection is always based on CD-SSBs located on the synchronization raster (see clause 5.2.4).

-
The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:

-
For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated.

-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells:

-
Intra-frequency reselection is based on ranking of cells;

-
Inter-frequency reselection is based on absolute priorities where a UE tries to camp on the highest priority frequency available;
-
An NCL can be provided by the serving cell to handle specific cases for intra- and inter-frequency neighbouring cells;

-
Black lists can be provided to prevent the UE from reselecting to specific intra- and inter-frequency neighbouring cells;
-
White lists can be provided to request the UE to reselect to specific intra- and inter-frequency neighbouring cells for NR-U;
-
Cell reselection can be speed dependent;

-
Service specific prioritisation.

In multi-beam operations, the cell quality is derived amongst the beams corresponding to the same cell (see clause 9.2.4).

Next change
9.2.5
Paging

Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change (see subclause 7.3.3) and ETWS/CMAS indications (see subclause 16.4) through Short Messages. Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH, but while the former is sent on PCCH, the latter is sent over PDCCH directly (see subclause 6.5 of TS 38.331 [12]).
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:

1)
For CN-initiated paging, a default cycle is broadcast in system information;

2)
For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;

3)
For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;

-
The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.

The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.

When in RRC_CONNECTED, the UE monitors the paging channels in any PO signalled in system information for SI change indication and PWS notification. In case of BA, a UE in RRC_CONNECTED only monitors paging channels on the active BWP with common search space configured.

For NR-U, a UE can be configured for an additional number of paging monitoring occasions for its PO. However, when the UE detects a PDCCH transmission addressed to P-RNTI within the UE’s PO, it is not required to monitor the subsequent PDCCH monitoring occasions for this PO. 
Editor’s Note: It is FFS how the UE detects that gNB had access to the channel other than PDCCH transmission addressed to P-RNTI.
Editor’s Note: RAN2 assumes that there may be other detection mechanisms to stop the UE from monitoring paging occasions, e.g. detection of gNB access to the channel. The other detection mechanisms are FFS.
Paging optimization for UEs in CM_IDLE: at UE context release, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.

Paging optimization for UEs in RRC_INACTIVE: at RAN Paging, the serving NG-RAN node provides RAN Paging area information. The serving NG-RAN node may also provide RAN Paging attempt information. Each paged NG-RAN node receives the same RAN Paging attempt information during a paging attempt with the following content: Paging Attempt Count, the intended number of paging attempts and the Next Paging Area Scope. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the serving NG_RAN node plans to modify the RAN Paging Area currently selected at next paging attempt. If the UE leaves RRC_INACTIVE state the Paging Attempt Count is reset.

Next change
11
UE Power Saving

The PDCCH monitoring activity of the UE in RRC connected mode is governed by DRX and BA.

When DRX is configured, the UE does not have to continuously monitor PDCCH. DRX is characterized by the following:

-
on-duration: duration that the UE waits for, after waking up, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it can go back to sleep. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions);

-
retransmission-timer: duration until a retransmission can be expected;

-
cycle: specifies the periodic repetition of the on-duration followed by a possible period of inactivity (see figure 11-1 below);

-
active-time: total duration that the UE monitors PDCCH. This includes the "on-duration" of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired, and the time when the UE is performing continuous reception while waiting for a retransmission opportunity.
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Figure 11-1: DRX Cycle

When BA is configured, the UE only has to monitor PDCCH on the one active BWP i.e. it does not have to monitor PDCCH on the entire DL frequency of the cell. A BWP inactivity timer (independent from the DRX inactivity-timer described above) is used to switch the active BWP to the default one: the timer is restarted upon successful PDCCH decoding and the switch to the default BWP takes place when it expires.
Editor’s Note: For NR-U, a single DRX configuration is used per MAC entity as in NR.
End of changes
Annex (not part of the specification): RAN2 Agreements

This Annex contains the RAN2 agreements on Rel-16 WI for “NR-based Access to Unlicensed Spectrum”. The agreements are provided verbatim for reference.This annex shall be removed once the WI is completed.

RAN2#105

	1 Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 
2 In NR-U, DRX On-duration starts as in Rel-15 NR (except for potentially have a new switch trigger to go to short DRX
3 One DRX configuration for one MAC entity (no change)
4 FFS if DRX active time somehow be extended, or go to short DRX, by a non-data DL transmission (not WUS)
5 A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted

a. FFS dynamic extension

b. FFS dynamic termination



RAN2#105bis

	· Adopt a mechanism in MAC spec to handle the UL LBT failure, where “consistent” UL LBT failures (at least for UL transmissions of SR, RACH, PUSCH) are used for problem detection

· R2 assumes that the configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure. PDU overwrite need to be avoided somehow. 

· The configured grant timer is not started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant

· The configured grant timer is not started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant

· Upon UL transmission on configured grant, bwp-InactivityTimer is restarted as today (i.e. at LBT success)

· Upon UL transmission on configured grant, sCellDeactivationTimer is restarted as today (i.e. at LBT success)

· Content of a MAC PDU (including any PHR value) will not change after it has been built for transmission on dynamic grant even if the LBT fails.

· For BSR/PHR transmitted on configured grant, it is up to the implementation of the UE to handle the content of BSR/PHR.

· All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is attempted transmission on PUSCH while UL LBT fails and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly, i.e. no TS change for this case.
· dataInactivityTimer should be restarted when any MAC entity attempts transmission of a MAC SDU for DTCH logical channel, or DCCH logical channel regardless UL LBT outcome.
· drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant

· drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant




· Retransmissions of a TB using configured grant resources, when initial transmission or a retransmission of the TB was previously done using dynamically scheduled resources, is not allowed

· A table for mapping between 5QI and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300, shall be specified
· All MAC CEs, except padding BSR MAC CE, uses the highest priority CAPC, that is the lowest number CAPC, FFS for recommended rate for Voice MAC CE

· It is FFS if for CG, when several MAC SDUs are multiplexed, CAPC is selected according to the configuration for the LCH with lowest priority CAPC (for DRB). 
· A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.

· the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. 

· the legacy configured grant timer and behaviour is kept for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e. it is (re)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant.

· The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure

· SR_COUNTER is increase only when SR is successfully transmitted

· As earlier agreed, The POWER_RAMPING_COUNTER is not increased if the preamble is not transmitted due to LBT failure. For this purpose LBT failure indication or equiv. (used for other LBT outcome dependencies) from PHY is used. 

· MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)

· From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR)

· Actual transmission for MSG1 (LBT success) is used for starting RAR window

· R2 assumes the maximum RAR window size is extended to [20] ms

· We ask R1 regarding the support of multiple MSG3 transmission opportunities

· R2 assumes the range of ra-ContentionResolutionTimer is not extended for NR-U (note this contradicts earlier assumption)

· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS

· As agreed in the SI phase, the sr-ProhibitTimer shall not prohibit SR transmissions due to SR that was not transmitted due to LBT failure. 

· As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO

· R2 assumes that missing measurements due to LBT failures do not impact the R2 specification of L3 filtering and the subsequent steps. 

· Handling of delayed SSB transmissions due to LBT does not impact L3

· FFS: A new RLF trigger mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue

· RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U

· Measurement and reporting of WLAN nodes are not supported in NR-U

RAN2#106

· The UE should also stop monitoring paging for the PO even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel at the pdcch monitoring occasion. FFS if there are additional detection methods to detection of PRNTI and what those are. 

· We extend paging monitoring by extending PDCCH occasions for a PO

· For the case when all broadcast SI can be put in one SI message, no optimization is needed. 

· RSSI CO measurements are not used in Idle or Inactive in this release. 

· If highest ranked or best cell is not suitable in an unlicensed frequency due to the fact that PLMN IDs is not the RPLMN (or EPLMN), only the highest ranked or best cell is considered not candidate for cell reselection for 300s or longer. Other cells in the frequency of the highest ranked or best cell should still be considered for cell reselection. FFS whether we have another limit in addition to Suitability criterion. 

· To apply the cell barring and IntraFreqReselection in the MIB, the UE also has to acquire the SIB1 to check the PLMN IDs.

· FFS if the UE should only act on the cell barring and intraFreqReselection in the MIB only if the registered PLMN or selected PLMN matches one of the PLMN IDs in SIB1. Otherwise, the UE should follow Proposal#1 Approach#2
· RSSI and CO measurement quantities can be reported with existing triggers as in LAA

· The reporting for RSSI and Channel Occupancy (CO) for NR-U is an optional UE capability as in LTE LAA.
· For UL CG, select the highest CAPC index (lowest priority) of LCHs multiplexed in a TB, as in LTE LAA (for WiFi coexist)
· For UL CG, FFS if it shall be possible to restrict data of which CAPC can be multiplexed into a TB with high priority data

· SRB0, 1, 3 have highest priority (lowest CAPC index), SRB2 configurable

RAN2#107

	· L2 LBT failure mechanism take into account any LBT failure regardless UL transmission type. 

· The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type

· UL LBT failures are detected per BWP

· The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF

Baseline Mechanism, further enhancements not precluded: 

· A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 

· Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens
· The timer is started/restarted when UL LBT failure occur. 


	· The CG retransmission timer value is configured per configured grant configuration (i.e., ConfiguredGrantConfig) and the CG retransmission timer is maintained per HARQ process.
· Autonomous retransmission on CG resource is prohibited for a HARQ process while the CG retransmission timer for the HARQ process is running.

· Both CG timer and CG retransmission timer are used at the same time for a HARQ process.
· The value of the CG retransmission timer is shorter than the value of the CG timer.

· The CG timer is not restarted at autonomous retransmission on CG resource after the CG retransmission timer expiry.
· The UE does not stop the CG timer upon NACK feedback reception, and stops the CG timer upon ACK feedback reception. 

· On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource.

· CS-RNTI is used for scheduled retransmission, and C-RNTI is used for new transmission, similar to NR CG. To be confirmed by RAN1.
· Collisions DG CG is FFS


	· Will support extension of RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2


	· PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. 

· Parameter 'X' is signaled in paging configuration (i.e. pcch-Config). Parameter Name FFS
· TP is endorsed as baseline

· Text for LS to R1: RAN2 has agree to extend PDCCH monitoring at paging. <ref agreement text> RAN2 think that UE may stop monitoring the additional PDCCH monitoring occasions at paging occasions (PO) if it detects that gNB had access to the channel at the PO and the detection is reliable. RAN2 has agreed to use transmission addressed to P-RNTI for this purpose. RAN2 wonders whether there are other DL signals that can be reliably detected for this purpose. 




	· We will support whitelist

· On NR-U frequencies if the highest ranked cell or best cell is not suitable due to belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell for a maximum of 300 seconds for reselection, but shall consider the other cells as candidates for reselection on the same frequency. The UE may consider the current NR-U frequency to be the lowest priority frequency for reselection for 300 seconds after at least <FFS criterion> on that frequency were found not suitable due to belonging to a PLMN which is not indicated as being equivalent to the registered PLMN.
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