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1 Introduction
The intention of timing advance for UE is to make sure that the receiving time of UE’s uplink signal falls into the CP. Uplink time alignment is maintained at MAC to ensure the different UEs at different locations in the same cell are received by eNB simultaneously. As in LTE, time alignment shall be important functionality in MAC in NR. With the introduction of multiple numerologies, different UL transmission schemes without uplink grant, timing advance (TA) aspects need to be revised from MAC perspective. In this contribution, we intend to give analyze of TA in NR by proposing several fundamental principles. 
2 Discussion
Timing advance group
In case of CA support in LTE, time alignment among different cells is on basis of timing advance group (TAG). When a TA command MAC CE is received, the MAC entity shall apply the TA command for the indicated TAG. Generally, one TAG consists of one or multiple serving cells where the same TA value is applied. The primary cell of the MAC entity is named as pTAG while the other cells refer to sTAG. Within the same sTAG, the TA value can be applied to any of the activated SCells belonging to this sTAG. The format of TA command MAC CE in LTE is illustrated as in Figure 1 with the fixed size of consists of a single octet [1].
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Figure 1. TA Command MAC CE in LTE
In NR, due to the fact of support of CA with up to 16 component cells from RAN1, it is reasonable to reuse the concept of TAG consisting of pTAG and sTAG where the TA value is applied to any of activated SCells of the sTAG as in LTE. In order to facilitate the adjustment of TA value by the gNB, it is proposed to reuse the TA command MAC CE-based approach as well for MAC entity to apply the received TA command to the corresponding serving cells. The size of TAG id depends on the number of TAGs in NR, which should be discussed and decided by RAN1. 
Proposal 1: pTAG and sTAG shall be reused in NR where the TA value is applied to any of activated SCells of the sTAG.

Proposal 2: TAC MAC CE shall be reused to indicate the TA value while the size of TAG id can be FFS pending to RAN1.

Time alignment timer

In LTE, the timeAlignmentTimer is used to control how long the MAC entity considers the serving cells belonging to the associated TAG to be uplink aligned. The value of timeAlignmentTimer is configured to the UE through RRC signaling and one sTAG can be configured with a dedicated timeAlignmentTimer. When the MAC entity receives a TA command MAC CE, the timeAlignmentTimer shall be started or restarted associated with the indicated TAG. In NR, we propose to reuse the timeAlignmentTimer to check the uplink time alignment for duration of a period. 
Proposal 3: The MAC entity has a configurable timer timeAlignmentTimer per TAG as in LTE.
Proposal 4: When a TA command MAC CE is received, the MAC entity shall apply the TA command for the indicated TAG and start or restart the timeAlignmentTimer associated with the indicated TAG.
When timeAlignmentTimer associated with the pTAG expires, the uplink TA is considered to be not aligned in LTE. Therefore, the following operations is adopted for the MAC entity 
-
flush all HARQ buffers for all serving cells;

-
notify RRC to release PUCCH and SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
consider all running timeAlignmentTimers as expired;

else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-
flush all HARQ buffers;

-
notify RRC to release SRS;

-
notify RRC to release PUCCH, if configured.

RAN1 agreed to introduce different types of UL transmission schemes without uplink grants (grant-free transmission) [2]. For type 2 grant-free transmissions, it is expected to be based on SPS with LTE functionality, so it is reasonable to reuse above operations and wait for L1 signalling activation for configured downlink assignments and uplink grants for the Spcell. Since RAN2 has agreed to support SPS configuration on SCell. Then the MAC entity should also clear any relevant resources in the sTAG when the associated timeAlignmentTimer expires.  
Proposal 5a: The MAC entity shall clear any configured downlink assignments and uplink grants when the timeAlignmentTimer assocaited with a TAG expires for type 2 grant-free transmission.
However, for type 1 grant-free transmission, if the timeAlignmentTimer is still running, type 1 grant-free transmission is based on the maintained NTA value. Upon expiry of associated timeAlignmentTimer: For URLLC service, if the configured grants are cleared as in LTE then the reconfiguration delay of the resource is high when URLLC data arrives. Therefore it is preferred to not clear the configured uplink grants. 
Proposal 5b: The MAC entity shall not clear any configured downlink assignments and uplink grants when the timeAlignmentTimer assocaited with a TAG expires for type 1 grant-free transmission.
Multi-beam operation
In order to support multi-beam operations, multiple TRPs are likely to be put in different locations within a cell. Hence, even if the TRPs are ideally synchronized and receiving timing are aligned, the path distances from different TRPs to the UE may be different, which still results in such receiving timing difference, as illustrated in Figure 2. To support robustness against beam pair link blocking, the UE should be allowed to send UL data on different beam pair link(s) simultaneously or in different time distance. Each beam pair link is a communication link between UE and a TRP and therefore the TA values of these beam pair links may be different.
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Figure 2: an example of multiple TAs within a cell (TA1 > TA2)

Proposal 6: Per beam/TRP TA maintenance should be supported in NR.
To avoid UL transmission on a beam pair link using an invalid TA value, similar to LTE, a beam-based timeAlignmentTimer should be used and configured for the beam pair link(s) with the same TA. To reduce signalling overhead, the gNB can group multiple beam pair links with the same TA value into a beam-based TAG. The multiple beam pair links can belong to a cell or different cells. Each beam-based TAG is associated with a beam-based timeAlignmentTimer, which is used to control how long the UE considers the beam pair links belonging to the associated beam-based TAG to be uplink time aligned. The UE only considers the TA to be valid when timeAlignmentTimer is running. Otherwise, the UE cannot perform any uplink transmission on the beam pair link when the associated TAT is not running, except for a Random Access Preamble transmission. 
Proposal 7: The UE shall not perform any uplink transmission on any beam pair link associated with a beam-based TAG when the corresponding timeAlignmentTimer is not running, except for performing random access procedure.
3 Conclusion

In this paper, we present some fundamental principles for the support of uplink timing alignment in NR and the following proposals are provided.
Proposal 1: pTAG and sTAG shall be reused in NR where the TA value is applied to any of activated SCells of the sTAG.

Proposal 2: TAC MAC CE shall be reused to indicate the TA value while the size of TAG id can be FFS pending to RAN1.

Proposal 3: The MAC entity has a configurable timer timeAlignmentTimer per TAG as in LTE.
Proposal 4: When a TA command MAC CE is received, the MAC entity shall apply the TA command for the indicated TAG and start or restart the timeAlignmentTimer associated with the indicated TAG.
Proposal 5a: The MAC entity shall clear any configured downlink assignments and uplink grants when the timeAlignmentTimer assocaited with a TAG expires for type 2 grant-free transmission.
Proposal 5b: The MAC entity shall not clear any configured downlink assignments and uplink grants when the timeAlignmentTimer assocaited with a TAG expires for type 1 grant-free transmission.
Proposal 6: Per beam/TRP TA maintenance should be supported in NR.
Proposal 7: The UE shall not perform any uplink transmission on any beam pair link associated with a beam-based TAG when the corresponding timeAlignmentTimer is not running, except for performing random access procedure.
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