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Discussion and Decision
1      Introduction
In RAN2#93bis meeting, the impact from UL QoS handling on MAC was being discussed based on [1]. The UL QoS handling requires resolving the following issues:
1. What grant (e.g. licensed/unlicensed serving cell etc.) a logical channel/bearer and MAC CE can be configured to use? 

2. How MAC informs eNB which logical channel/bearer has data available to send

3. How MAC knows from L1 what grants are available for transmission 

4. Impact to the Logical Channel Prioritization procedure due to the type of UL grant available
In this contribution, the above issues are discussed and proposals are made to each of the issues.
2      Discussion
2.1     What grant a logical channel/bearer and MAC CE can be configured to use?
Because of LBT for UL transmission, there is no guarantee that a packet sent over an LAA cell will be received within some time limit and hence it will be better for delay sensitive bearers (e.g. voice, RRC signalling) and MAC CEs not to be sent over the UL LAA SCells. 
From the last RAN2 meeting, there are 2 ways to configure a bearer/logical channel to a UL grant:

1. Map a logical channel or bearer to one or more serving cells configured with UL
In this approach, eNB can use such mapping to indicate UL grant of the serving cells with UL configured that a logical channel or bearer can use for UL transmissions. The UE does not know the functional meaning of the mapping whether it is because of licensed or unlicensed or other future reasons (e.g. high and low band of the serving cell). To indicate such mapping, eNB will have to be able to signal up to 32 serving cells per logical channel or bearer from the RRC signalling point of view. UE L1 also need to indicate to UE MAC the serving cell for every UL grant.
2. Map a logical channel or bearer to a functional group (e.g. licensed vs unlicensed or in the future for high band vs low band etc.)
In this approach, eNB indicates the functional meaning of the mapping to the UE, whether a logical channel or bearer can use UL grants from licensed or unlicensed serving cell for UL transmissions. To indicate such mapping, it will only need 1 bit to indicate whether a logical channel or bearer can use unlicensed cell. In the future when further functional distinction is needed for a UL grant, 1 additional bit per logical channel will have to be added for each further functional distinction on the UL grant. For eLAA, UE L1 indicates to UE MAC whether a UL grant is from licensed or unlicensed serving cell.
For (1), it has the advantage of future proof in terms of RRC signalling and L1 indication. On the other hand, it has the disadvantage of having extra signalling of indicating the mapping for each logical channel or bearer with a bitmap length of 32 of possible serving cells. We do not see a need of such overhead for this WI and in the future, if such a need arises, only an additional bit indicating the functional group is needed to be added per logical channel or bearer. It is also unclear of how such finer UL grant granularity is needed as it may end up with a group of serving cells per logical channel, at the expense of extra signaling overhead and BSR may need to convey more information on which logical channels has data available to send in order to fully use such granularity effectively.

It is thus proposed to just map a logical channel or bearer to whether it can use an UL grant from unlicensed serving cell:
Proposal#1: A logical channel or bearer can be configured to use the UL grants from UL unlicensed serving cells (i.e. can use UL grant from licensed as well as unlicensed serving cell configured with UL). Otherwise, it can only use UL grants from licensed serving cell configured with UL.

In the case of transmission of UL MAC CE (i.e. BSR and PHR), the concern of sending the BSR and PHR in the unlicensed UL serving cell is that any delay of sending them may affect the QoS of the delay sensitive UL traffic. For example, due to delay in sending the BSR, the latency of delay-sensitive traffic may not be met. Likewise for PHR, the eNB may not assign the appropriate UL grant (with the right MCS) for the UE and may affect the quality of the UL traffic as a result. The following options are possible:

(a) MAC CE is restricted to UL grant from licensed serving cell
(b) MAC CE is allowed to use UL grant from licensed and unlicensed serving cells
(b1) No further enhancement
(b2) MAC CE is sent on UL grant from licensed serving cell if simultaneous UL grant from licensed and unlicensed cell in a TTI.

(b3) Further enhancement in BSR and PHR procedure to ensure that it is resent again whenever there are subsequent UL resources

For option (a), it will guarantee MAC CE is not affected by LBT delay, however it will require the network to provide UL grant from licensed serving cell quite frequently even when the traffic can tolerate the LBT delay for BSR and also network may not know when PHR is triggered
For option (b1), there is the possibility that the MAC CE may be delayed due to LBT but should be received by the eNB at some point in time as long as the LAA medium is not too overloaded. The eNB can know the load of the unlicensed serving carrier via its own LBT on that carrier as well as via UE RSSI measurement and can schedule UL grant for the unlicensed serving cell based on such metrics and prevent the MAC CE from getting excessive delay.

For option (b2), it is a simple extension from option (b1) which can help in reducing the delay of sending the MAC CE due to LBT. This kind of prioritization can be supported by UE implementation. 
For option (b3), it will require changes to the BSR and PHR procedure which may unnecessaryly increase the complexity of the UE and waste the radio resource usage as the BSR and PHR may have been sent successfully most of the time in the unlicensed serving carriers.

In view of the above analysis, it is proposed that:

Proposal#2: MAC CE is allowed to use UL grant(s) from licensed and unlicensed serving cells. If simultaneous UL grant from licensed and unlicensed cell in a TTI, MAC CE can be sent on UL grant from licensed serving cell by UE implementation.
2.2     How MAC informs eNB which logical channel/bearer has data available to send
In order for the eNB to know what UL grant to provide (for unlicensed or licensed serving cell), the UE needs to inform the eNB which bearers are with UL data to send. In the existing LTE, UE sends Buffer Status Reporting (BSR) to the eNB. This Buffer Status report includes logical channel group ID and its corresponding UL buffer status. The 2-bit logical channel group ID is eNB configured ID to group the logical channels of the same or similar QoS in one group ID. This is to allow the eNB to perform inter and intra UE prioritization for allocating the UL resources. This LCGID can also be reused or extended to take into account the logical channels that can use the UL grants only for the UL licensed cells and the logical channels that can use the UL grants for both the UL LAA SCells and other licensed UL serving cells. 
For example, typically LCGID#0 is used for RRC signaling and delay sensitive services (e.g. voice, streaming video). If a UE’s serving cell contains activated UL LAA SCell and the BSR indicates only buffer status from LCGID#0, it will not allocate UL grant from the LAA SCell to the UE. To achieve the inter- and intra-UE prioritization from the eNB perspective, as an example, the UL resources for PUSCH can be classified as licensed carrier and unlicensed carrier. For UL resources for PUSCH in licensed carrier, LCGID#0 (regardless of whether the UE has UL LAA SCell) can be considered higher priority than other LCGIDs by the eNB scheduler. Among UEs with LCGID#0, it can be scheduled like in the legacy (e.g. round-robin etc.). For UL resources for PUSCH in unlicensed carrier, the eNB can schedule the UL resources based on eNB implementation setting of priority for each of the LCG#1 to #3.
Other option is to have separate BSR; one for logical channels that can only use UL grants for licensed serving cells and another for logical channels that can use both. Each of this BSR is triggered by separate BSR procedure. Another option is to include more information in the BSR to differentiate between buffer status on logical channels that can use only the UL grant of the UL licensed serving cells and the buffer status on logical channels that can use the UL grant for both UL LAA SCells and the licensed UL serving cells. However, both of these options will either complicate the BSR procedure or increase the MAC overheads.
Hence it is proposed that:
Proposal#3: The legacy LCG-ID can be used by the eNB to differentiate between buffer status on logical channels that can use only the UL grants of the UL licensed cells and the buffer status on logical channels that can use the UL grants for both UL LAA SCells and the licensed UL serving cells. It can be left to eNB implementation on defining the LCG-ID and no further mechanism is needed. 

2.3     Impact to the logical channel prioritisation procedure

The Logical Channel Prioritization procedure is applied when a new transmission is performed. In order for the UE MAC to differentiate whether a new transmission is on a UL LAA SCell or on a UL serving cell, the L1 will indicate for each UL grant whether it is for UL LAA SCell or for licensed serving cell.

For a new transmission on a UL LAA SCell, the UE MAC entity will apply the logical channel prioritization procedure on the logical channels configured by RRC that can use the UL grants for both the UL LAA SCells and the licensed UL serving cells. The logical channels that can only use the UL grants for the licensed UL serving cells will not be considered for the new transmission on a UL LAA SCell.

For a new transmission on a UL licensed serving cell, the UE MAC entity will apply to all logical channels like in legacy. It is assumed that the logical channels that can only use UL grants for licensed UL serving cells have higher logical channel priority than the logical channels that can use UL grants for both the UL LAA SCells and UL serving cells.
Each logical channel maintains its bucket and at every TTI increments the bucket by the PBRxTTI and when MAC SDU of a logical channel is transmitted in a new transmission, the total size of the MAC SDU will be subtracted from the bucket.
The possible update to the Stage-3 text can be found in the Annex.

Proposal#4: In order for the UE MAC to differentiate whether a new transmission is on a UL LAA SCell or on a UL serving cell, the UE L1 will indicate for each UL grant whether it is from UL LAA SCell or from licensed serving cell.

Proposal#5: The MAC UE entity has to differentiate whether a new transmission is on a UL LAA SCell or on a UL licensed serving cell and use this information to apply logical channel prioritization procedure according to which logical channels can use only UL licensed serving cell or can use both UL LAA SCells and UL licensed serving cells.
In the case that UL grants from licensed and unlicensed serving cells are received in the same TTI, it may be more efficient to apply LCP on UL grants from unlicensed serving cells so that more resources are left to logical channels or bearers that can only use UL grant from licensed serving cells, we think that it can still be left to the smart UE implementation to ensure the most optimum usage of the available UL grants as in the legacy case.

Proposal#6: In the case that UL grants from licensed and unlicensed serving cells are received in the same TTI, it is left to the UE on how to optimally use the UL grants as in the legacy case.
3      Conclusion
In this contribution, we discuss how to improve QoS for LAA on unlicensed spectrum, and propose the following:

Proposal#1: A logical channel or bearer can be configured to use the UL grants from UL unlicensed serving cells (i.e. can use UL grant from licensed as well as unlicensed serving cell configured with UL). Otherwise, it can only use UL grants from licensed serving cell configured with UL.

Proposal#2: MAC CE is allowed to use UL grant(s) from licensed and unlicensed serving cells. If simultaneous UL grant from licensed and unlicensed cell in a TTI, MAC CE can be sent on UL grant from licensed serving cell by UE implementation.
Proposal#3: The legacy LCGID can be used by the eNB to differentiate between buffer status on logical channels that can use only the UL grants of the UL licensed cells and the buffer status on logical channels that can use the UL grants for both UL LAA SCells and the licensed UL serving cells. It can be left to eNB implementation on defining the LCGID and no further mechanism is needed. 

Proposal#4: In order for the UE MAC to differentiate whether a new transmission is on a UL LAA SCell or on a UL serving cell, the UE L1 will indicate for each UL grant whether it is for UL LAA SCell or for licensed serving cell.

Proposal#5: The MAC UE entity has to differentiate whether a new transmission is on a UL LAA SCell or on a UL licensed serving cell and use this information to apply logical channel prioritization procedure according to which logical channels can use only UL licensed serving cell or can use both UL LAA SCells and UL licensed serving cells.

Proposal#6: In the case that UL grants from licensed and unlicensed serving cells are received in the same TTI, it is left to the UE on how to optimally use the UL grants as in the legacy case.
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Annex: Extraction of the logical channel prioritization from TS36.321
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The MAC entity shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data.

-
if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted).

The MAC entity shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For a new transmission on a UL LAA SCell, the MAC entity shall perform the logical channel prioritization only among the logical channels corresponding to radio bearers that are configured by higher layers to transmit on UL LAA SCells.
For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.

NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.

5

