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Introduction
In NR, uplink orthogonality is achieved by ensuring the transmissions from different UEs in the same cell are timing aligned at the gNB receiver, so thatavoiding intra-cell interference between UEs. The transmission timing for uplink sub-frames is derived from the timing of received downlink sub-frames. To achieve alignment of uplink transmissions at the gNB the timing of UL sub-frames is advanced relative to downlink sub-frame. The amount of advancement of the uplink timing is referred to as the Timing Advance (TA) and corresponds to the two way propagation delay; i.e., related to two times the (radio) distance between gNB and UE.
This contribution reviews the need for TA updates/adjustments and proposes suitable MAC control element format for maintenance of NR TA.
TA step size and range
NR supports several numerologies with different sub-carrier spacings (SCSs). Numerologies with larger SCS would be used for higher carrier frequencies with smaller Cyclic Prefix (CP), for normal cyclic prefix. With a higher numerology the CP becomes shorter.
The TA maintenance procedure should keep the timing error at the gNB within a small fraction of the CP which means that with larger SCS and smaller CP, for a given mobility, more frequent TA updates may be needed than for smaller SCS and larger CP. 
At RAN1#90bis, it has been agreed that the absolute timing adjustment/advance provided within the Random Access Response has a maximum size of 12 bits, in an index TTA.aiming to support even bigger sizes of cells in NR. Note that only the maximum size of the TA is agreed. The TA in terms of number of Tc, is denoted NTA and is given by the equation 
NTA = TTA · 16/2μ,
where μ is an index specifying the numerology. As a result the TA resolution/step size and range depends on the numerology of message 3; larger μ indicates numerology with larger SCS. Therefore, it is important for NR to evaluate if there is potential impact of different numerologies on timing advance.
[bookmark: _Toc498518907][bookmark: _Toc498639685]TA step size and range depends on the numerology. TA step size and range is smaller for larger SCS.
It is agreed that in NR updates/adjustments of TA is performed by MAC with Timing Advance Command MAC CE. Detailed range and format for the TA Command should be decided. It is expected that also adjustments with a timing advance command is specified based on index values; i.e., the TA Command in the TA Command MAC CE corresponds to an index TTA. More specifically, as captured in the draft TS 38.213,
NTA_new = NTA_new  + (TTA – ZZZ) · 16/2μ,
where ZZZ is a constant offset determining the distribution of code points resulting in positive and negative adjustment of the TA.
Sources for delay change
The propagation delay, and hence the required TA, varies due to mobility, due to changes to the propagation environment involving change of propagation path (e.g., introduction and/or removal of obstacles between gNB and UE) and due to change of beams. Changes in physical distance between gNB and UE typically result in a gradual change of propagation delay; i.e., for the same path and beam propagation delay as a function of time is essentially continuous. Around-the-corner effects with changes due to changes to environment or beams, however, may result in change of propagation paths and discontinuity in propagation delay and need larger steps in TA. 
Handling of continuous delay case (same path/beam)
For the case propagation delay is a continuous function and the change rate depends on speed, the challenge of keeping the timing error within a small fraction of the CP for larger SCSs with their smaller TA step size and range can be handled with more frequent measurements and TA commands. The misalignment range becomes smaller (fraction of CP), roughly in the same degree as the TA resolution decreases. From this point of view the NR TA Command MAC CE can be based on the LTE design with a 6-bit “Timing Advance Command”.
[bookmark: _Toc498518908][bookmark: _Toc498639686]LTE TA Command design is sufficient for the case of continuous propagation delay.
Handling of discontinuous delay case (switch of path/beam)
For the case where there are step/discontinuity in the propagation delay, i.e., around-the-corner effects where path or beam changes, delay changes are often sudden and may throw uplink transmissions out of the CP. It is envisioned that this effect may increase in a mmW system with beam forming.
For this case, a smaller TA range may not as easily be compensated for by more frequent measurements and small adjustments to keep the timing error within the CP. UL transmission timing will need to be recovered from outside the CP prefix. 
RAN1#90 agreed that “Granularity of TA for SCS = 15kHz is same as LTE”. Thus, for 15kHz SCS, the NR TA step size and adjustment range is comparable to LTE and LTE TA Command design may be sufficient also for NR. With the TA resolution for 15kHz SCS, NR is expected to support cell range of 300 km.
For larger SCS (than 15 kHz), the TA step size and range shrinks proportially to the increase in SCS. For 120 kHz SCS a +/- 32 range is +/- 2.08 microseconds which would correspond to path length change of approximately +/- 300m which is only one eighth (1/8) of the approximately +/-2400m that would be supported  for 15 kHz SCS and is supported by LTE. Whether this is sufficient or too tight is a RAN1 issue. While RAN1 has not discussed/concluded on this aspect, RAN2 needs to decide on TA Command MAC CE format. To enable timely completion of specifications without precluding clarification from RAN1 of need to accommodate larger TA adjustments for the higher numerologies, it is proposed that RAN2 take the above into account in its design. 
[bookmark: _Toc498518909][bookmark: _Toc498639687]Maximum TA adjustment with a TA command of 6 bits for 120kHz SCS is +/- 2.08 microseconds corresponding to approximately +/-300m.
[bookmark: _Toc498518910][bookmark: _Toc498639688]NR TA Command MAC CE or procedure may need extension compared to LTE.
Extension of TA adjustment range
It is anticipated that larger TA adjustments can be achieved by means of extending the TA Command range (i.e., longer TA Command field) or by providing multiplexing of multiple TA Command MAC CEs in a MAC PDU. The former implies change to MAC CE format (compared to LTE) and increased overhead. It is expected that in the majority of cases an adjustment of up to 300 m is sufficient so most of the time the extra overhead is not justified. The latter implies UE would need to process multiple TA Command MAC CEs in the same (short) time as a single TA Command MAC CE which may imply need for special handling and/or that MAC CEs cannot be processed independently. 
In anticipation of RAN1 decision w r t TA adjustment range for higher numerologies it is envisioned that RAN2 can decide among the following ways forward:
1) [bookmark: _Hlk498515798]Specify a (“short”) TA Command MAC CE based on LTE TA Command MAC CE with 6-bit TA Command field now. If RAN1 provides requirement for larger TA adjustment range for higher numerologies, RAN2 introduces a “long” TA Command MAC CE with larger TA Command field. This costs one additional LCID.
2) Specify a (“short”) TA Command MAC CE based on LTE TA Command MAC CE with 6-bit TA Command field now. If RAN1 provides requirement for larger TA adjustment range for higher numerologies, RAN2 informs RAN1 that UE need to be capable of processing multiple TA Command MAC CEs within the same timing requirements as for a single TA Command MAC CE. There is no additional LCID required for this solution.
3) Specify only a (“long”) TA Command MAC CE based on LTE TA Command MAC CE with extended TA Command field in Rel-15. RAN2 can consider a “short” TA Command MAC CE in a future release if considered necessary.
We have a slight preference for proposal 1.
[bookmark: _Toc498518905][bookmark: _Toc498639689]NR TA Command MAC CE uses LTE TA Command MAC CE format. If RAN1 requires larger adjustment range for higher numerologies RAN2 will add second TA Command MAC CE with extended TA Command field based on range indicated by RAN1. 
Correction to the timing alignment procedure
The timing alignment procedure (section 5.2 in TS 38.321) was copied more or less straight off from the corresponding section in TS 36.321. During the email discussion following RAN2#99bis, the note clarifying that the handling of NTA was removed believing that the content of the note was captured in and essentially a duplicate of a statement added in the first part of the procedure in subsection 5.2 of TS 38.321. I.e., the following note:
NOTE:	A MAC entity stores or maintains NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The MAC entity applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running.
was believed to be captured by the following statement added in subclause 5.2:
[bookmark: _Hlk498537810]1>	when a Timing Advance Command MAC CE is received, and if a NTA (as defined in TS 38.211 [8]) has been stored or maintained with the indicated TAG:
While the added text explains that the NTA can be stored and maintained and other parts of the section includes how the MAC Entity applies the received Timing Advance Commanr MAC CE in accordance to the note, an important detail of the note was lost. The note clarifies that the MAC Entity stores and maintains NTA upon expiry of associated timeAlignmentTimer. For clarity of the intended behaviour the note should be restored or clarified elsewhere.
[bookmark: _Toc498639690]Restore clarification in subclause 5.2 that "A MAC entity stores or maintains NTA value upon expiry of associated timeAlignmentTimer. 
[bookmark: _Ref178064866]Summary
This contribution has reviewed the need for TA updates/adjustments and made the following observations:
Observation 1	TA step size and range depends on the numerology. TA step size and range is smaller for larger SCS.
Observation 2	LTE TA Command design is sufficient for the case of continuous propagation delay.
Observation 3	Maximum TA adjustment with a TA command of 6 bits for 120kHz SCS is +/- 2.08 microseconds corresponding to approximately +/-300m.
Observation 4	NR TA Command MAC CE or procedure may need extension compared to LTE.

Based on the discussion in section 1 we propose the following:
Proposal 1	NR TA Command MAC CE uses LTE TA Command MAC CE format. If RAN1 requires larger adjustment range for higher numerologies RAN2 will add second TA Command MAC CE with extended TA Command field based on range indicated by RAN1.
Proposal 2	Restore clarification in subclause 5.2 that "A MAC entity stores or maintains NTA value upon expiry of associated timeAlignmentTimer.

 A corresponding text proposal is provided in Section 3 below.
[bookmark: _Ref189046994]Text Proposal to TS 38.321
[bookmark: _Toc497230291]5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.
The MAC entity shall:
1>	when a Timing Advance Command MAC CE is received, and if a NTA (as defined in TS 38.211 [8]) has been stored or maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>	start or restart the timeAlignmentTimer associated with the indicated TAG.
1>	when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
2>	if the Random Access Preamble was not selected by the MAC entity:
3>	apply the Timing Advance Command for this TAG;
3>	start or restart the timeAlignmentTimer associated with this TAG;
2>	else if the timeAlignmentTimer associated with this TAG is not running:
3>	apply the Timing Advance Command for this TAG;
3>	start the timeAlignmentTimer associated with this TAG;
3>	when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG;
2>	else:
3>	ignore the received Timing Advance Command.
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all serving cells;
3>	notify RRC to release PUCCH for all serving cells, if configured;
3>	notify RRC to release SRS for all serving cells, if configured;
3>	deactivate any configured downlink assignments and uplink grants;
Editor's note: The above text is inherited from LTE. How to capture/ describe SPS details (e.g. whether to differentiate Type 1, Type 2) should be discussed first.
3>	consider all running timeAlignmentTimers as expired;
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release SRS, if configured;
3>	notify RRC to release PUCCH, if configured.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference or the maximum uplink transmission timing difference the UE can handle between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.
Editor's note: The above LTE principles need to be confirmed by RAN2.
The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SpCell.
Editor's note: The above LTE principles need to be confirmed by RAN2.
NOTE:	A MAC entity stores or maintains NTA upon expiry of associated timeAlignmentTimer.

[bookmark: _Toc497230332]6.1.3.4	Timing Advance Command MAC CE
The Timing Advance Command MAC CE is identified by MAC PDU subheader with LCID as specified in Table 6.2.1-1.
It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.4-1):
-	TAG Identity (TAG ID): This field indicates the TAG Identity of the addressed TAG. The TAG containing the SpCell has the TAG Identity 0. The length of the field is 2 bits;
-	Timing Advance Command: This field indicates the index value TA (0, 1, 2… 63TBD) used to control the amount of timing adjustment that MAC entity has to apply (as specified in TS 38.213 [6]). The length of the field is 6TBD bits.


Figure 6.1.3.4-1: Timing Advance Command MAC CE
Editor's Note: Figure 6.1.3.4-1 is based on LTE format, but can be changed later after having input from RAN1/RAN4.
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