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1 Introduction
In RAN2#102 the following agreements have been achieved in the discussions for the NR-U SI [1]:

Agreements
1:	The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.
2	NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.
3:	Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 
4:	Changes needed to configured grants should be studied.
5:	Multiple beam operation and related procedures should be studied.
6:	RAN2 will also consider all the bands included in RAN1 study.

In RAN1#93 the following agreements have been achieved regarding configured grants [2]:
Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant

In this contribution, we discuss some enhancements for configured grants in NR-U.
2 Discussion
2.1 Number of configured grants supported per cell
In NR licensed, some restrictions have been specified for the number of configured grants that can be supported per cell and BWP in Rel-15 [3] [4]:
When CA is configured, at most one configured uplink grant can be signalled per serving cell. When BA is configured, at most one configured uplink grant can be signalled per BWP. On each serving cell, there can be only one configured uplink grant active at a time. A configured uplink grant for one serving cell can either be of Type 1 or Type 2. For Type 2, activation and deactivation of configured uplink grants are independent among the serving cells. When SUL is configured, a configured uplink grant can only be signalled for one of the 2 ULs of the cell.
Type 1 and Type 2 are configured by RRC per Serving Cell and per BWP. Multiple configurations can be active simultaneously only on different Serving Cells. For Type 2, activation and deactivation are independent among the Serving Cells. For the same Serving Cell, the MAC entity is configured with either Type 1 or Type 2.
In NR-U, there is more motivation to use configured grants for different services, because unlike dynamic grants they do not require SR/BSR/DCI to be transmitted before UL transmission and are therefore less prone to LBT impact.
Observation 1: For NR-U, there is more motivation to use configured grants for multiple services, due to the reduced LBT impact on configured grants compared to dynamic grants.
In order to support multiple services, each with distinct channel access priority class, we think that more configured grants per cell should be supported in NR-U compared to NR licensed.
Proposal 1: In order to enable more services to use configured grants, the number of signalled and active configured grants per cell should be increased in NR-U.
2.2 Channel access for configured grants
In LTE LAA, the channel access used for AUL transmission is determined as follows [5]:
For type 1 uplink channel access on AUL, E-UTRAN signals the Channel Access Priority Class for each logical channel and UE shall select the highest Channel Access Priority Class (i.e, with a lower number in the Table 5.7.1-1) of the logical channel(s) with MAC SDU multiplexed into the MAC PDU. The MAC CEs except padding BSR use the lowest Channel Access Priority Class.
For type 2 uplink channel access on AUL, the UE may select logical channels corresponding to any Channel Access Priority Class for UL transmission in the subframes signalled by E-UTRAN in common downlink control signalling.
The UE uses Type 2 channel access when the channel occupancy time (COT) for UL transmission is shared with the DL transmission, and this is indicated by the network in C-PDCCH. Otherwise, the UE uses Type 1 channel access on AUL.
For type 2 channel access, we think that the existing AUL mechanism could be re-used by NR-U, i.e. the network could signal COT sharing for AUL only if the channel was accessed with the highest priority class, which means that the UE can transmit data from any logical channel.
Proposal 2: As in LTE AUL, in NR-U, if the COT is shared with DL, channel access Type 2 is used and any logical channel can transmit on the configured grant.
However, in LTE AUL, with type 1 channel access, the logical channel with the highest CAPC multiplexed into MAC PDU determines the LBT priority. The LBT priority for AUL is not fixed and depends on the type of data that is being transmitted in the MAC PDU.
Observation 2: In LTE AUL, the CAPC used in transmissions with type 1 channel access (when COT is not shared with DL) is not fixed and depends on the logical channels multiplexed into the MAC PDU.
This makes it difficult for the network to estimate the loading on the unlicensed spectrum as a result of the transmissions on configured grants, as the LBT behaviour of a configured grant could vary in time.
In NR-U, we think that the transmissions on configured grants should have more deterministic LBT behaviour to allow precise network planning for a variety of services. The network should be able to control the LBT behaviour for each configured grant more accurately.
Proposal 3: In NR-U, the LBT behaviour for configured grants should be more deterministic and under network control, to allow precise network planning for a variety of services.
The logical channel restrictions in NR licensed are currently defined in 38.321 [4] based on allowed SCS, maximum PUSCH duration, configured grant Type 1, and serving cells. The logical channel restrictions for configured grant Type 1 is used for allowing or disallowing a logical channel for any configured grant Type 1. For example, if there are multiple configured grants with Type 1 on different cells, a logical channel can only be allowed or disallowed for all of them.
As discussed above, we think that it should be possible to define more configured grants per cell in NR-U to support a variety of services. Each configured grant could be targeted for a specific LBT behaviour, i.e. a specific CAPC value or range. In order to make sure that only certain logical channels with certain CAPC can transmit on the configured grant, logical channel restrictions should be defined per configured grant.
For example, a logical channel could be assigned CAPC=1 by the network, and allowed to transmit on a specific configured grant, CG1. Another logical channel with CAPC=2 could be defined and allowed to transmit on a different configured grant CG2.
Proposal 4: Logical channel restrictions are defined per configured grant basis, i.e. the logical channels that are allowed to transmit on a specific configured grant are defined.
Note that this method of restricting logical channels to configured grants could be used for other purposes outside NR-U, not limited to the CAPC use case, therefore this could be considered as a generic enhancement to configured grant restrictions in NR.
As discussed above, in NR-U, the restrictions should only apply when COT is not shared with DL and channel access Type 1 is used.
Proposal 5: In NR-U, if the COT is not shared with DL, channel access Type 1 is used and only allowed logical channels according to logical channel restrictions can transmit on the configured grant.
Finally, if the network chooses to multiplex logical channels with different CAPC values on a single configured grant, the CAPC used in UL transmission could be determined by the same method as in LAA, i.e. the UE selects the highest CAPC of the logical channel(s) with MAC SDU multiplexed into the MAC PDU, for Type 1 channel access.
For example, the network could allow two logical channels with CAPC=1 and 2 on a configured grant, therefore the transmissions could be performed with either of these two CAPC values, but not with CAPC=3 or 4.
Proposal 6: As in LTE AUL, the UE selects the highest CAPC of the logical channel(s) with MAC SDU multiplexed into the MAC PDU when transmitting on configured grants with Type 1 channel access.
With the enhancements above, it should be possible for the network to control the LBT behaviour of each configured grant accurately.
3 Conclusion
We have the following observations and proposals in this contribution:
Observation 1: For NR-U, there is more motivation to use configured grants for multiple services, due to the reduced LBT impact on configured grants compared to dynamic grants.
Observation 2: In LTE AUL, the CAPC used in transmissions with type 1 channel access (when COT is not shared with DL) is not fixed and depends on the logical channels multiplexed into the MAC PDU.
Proposal 1: In order to enable more services to use configured grants, the number of signalled and active configured grants per cell should be increased in NR-U.
Proposal 2: As in LTE AUL, in NR-U, if the COT is shared with DL, channel access Type 2 is used and any logical channel can transmit on the configured grant.
Proposal 3: In NR-U, the LBT behaviour for configured grants should be more deterministic to allow precise network planning for a variety of services.
Proposal 4: Logical channel restrictions are defined per configured grant basis, i.e. the logical channels that are allowed to transmit on a specific configured grant are defined.
Proposal 5: In NR-U, if the COT is not shared with DL, channel access Type 1 is used and only allowed logical channels according to logical channel restrictions can transmit on the configured grant.
Proposal 6: As in LTE AUL, the UE selects the highest CAPC of the logical channel(s) with MAC SDU multiplexed into the MAC PDU when transmitting on configured grants with Type 1 channel access.
4 References
[1]. [bookmark: _Ref516841586]Draft_RAN2#102_Report_v1
[2]. [bookmark: _Ref520741563]Draft_Minutes_report_RAN1#93_v020
[3]. [bookmark: _Ref520125680]3GPP TS 38.300 v15.2.0
[4]. [bookmark: _Ref520125937]3GPP TS 38.321 v15.2.0
[5]. [bookmark: _Ref520708950]3GPP TS 36.300 v15.2.0




