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Discussion
1 Introduction

There are discrepancies between RAN1 and RAN2 regarding UE behaviour to be taken when random access procedure is initiated by a unsynchronized UE. This contribution addresses the issue and presents three options. 
2 Discussion
When UE initiates random access procedure with TA timer running, UE behaviour in 36.211 and 36.321 are not aligned.
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Figure 1. Misalignment between RAN1 spec and RAN2 spec
As seen in the figure 1 above, MAC spec mandates UE to continue the current uplink timing during the random access procedure as long as TA timer is running. On the other hand, 36.211 mandates UE to initialize uplink timing to zero(N_TA = 0) when sending preamble. The uplink timing is adjusted accordingly later when the TA command is received via RAR. 

With two different behaviours described in different specifications, it is obvious that one shall be aligned to the other. The question is which one is the one to survive.
Approach 1: Adopting RAN1 UE behaviour
Since ENB calculates TA command based on the assumption that UE sends the peamble with N_TA = 0, UE behaviour assumed in RAN1 is in principle correct. If RAN1 approach is the one to survive, RAN2 spec needs to be updated accordingly. The only change needed is to make UE repect TA command received in RAR even when TA timer is running because UE initializes its uplink timing upon preamble transmission. Table 1 shows the foreseen change.
<Table 1>
	5.2
Maintenance of Uplink Time Alignment

The UE has a configurable Time Alignment Timer. The Time Alignment Timer is valid only in the cell for which it was configured and started.

The UE shall:

-    when the contention resolution is considered not successful as described in subclause 5.1.5, stop the Time Alignment Timer.
-
when a Timing Advance Command is received:

-
apply the Timing Advance Command;

-
start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).











-
when the Time Alignment Timer has expired or is not running:

-
prior to any UL-SCH transmission, use the Random Access procedure (see subclause 5.1) in order to obtain uplink Time Alignment. 

-
when the Time Alignment Timer expires:

-
flush all HARQ buffers and consider the next transmission for each process as the very first transmission;

-
notify RRC of PUCCH/SRS release;

-
clear any configured downlink assignments and uplink grants.


As one can see, the change actually makes the standard much simpler, thus attractive. However, there would be drawbacks in performance point of view. 
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Figure 2. TA Timer operation of the approach 1
First of all, during the period of time N_TA is zero (highlighted with the yellow color) UE could perform uplink transmission with invalid uplink timing. Secondly, during the period of time until contention is resolved(highlighted with the green color), UE could perform uplink transmission with invalid uplink timing if contention resolution is to be failed. As the last drawback, if UE fails contention resolution and backoff is applied, UE will remain unsynchronized (i.e. with TA timer not running) for potentially quite long time.
Approach 2: Adopting RAN2 UE behaviour
In this approach, 36.211 needs to be updated such that the UE with TA timer running does not initialize uplink timing to zero but to keep the current uplink timing. This is in specification point of view a bit unattractive because TA timer is not visible in physical layer. 
One can consider an interaction model between MAC and PHY such that MAC decides whether to initialize the uplink transmission timing or not, and PHY just follow MAC’s instruction. With this approach, both 36.211 and 36.321 need to be updated. 
Table 2 shows the foreseen change to 36.211
<Table 2>
	5.7.1
Time and frequency structure

...
The start of the random access preamble shall be aligned with the start of the corresponding uplink subframe at the UE assuming 
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Table 3 shows the foreseen change to 36.321
<Table 3>
	5.1.3
Random Access Preamble transmission

The random-access procedure shall be performed as follows:

-
set the parameter PREAMBLE_RECEIVED_TARGET_POWER to PREAMBLE_INITIAL_RECEIVED_TARGET_POWER + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER-1) * POWER_RAMP_STEP;

-
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble     index and PREAMBLE_RECEIVED_TARGET_POWER.
-
if TA timer is running and the random access preamble is not explicitly signaled:

- 
instruct the physical layer to not reset NTA to zero.
-
else:

-
stop the TA timer if running and instruct the physical layer to reset NTA to zero.


 Approach 3: Hybrid solution
One problem of the approach 2 is that depending on ENB implementation ENB could miss preambles sent with NTA ≠ 0.  To deal with this problem, UE needs to send preamble with NTA = 0, but restores the original NTA shortly after preamble transmission. 
This can be achieved solely by MAC specification. Table 4 shows the foreseen changes to 36.321.
	5.1.3
Random Access Preamble transmission

The random-access procedure shall be performed as follows:

-
set the parameter PREAMBLE_RECEIVED_TARGET_POWER to PREAMBLE_INITIAL_RECEIVED_TARGET_POWER + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER-1) * POWER_RAMP_STEP;

-
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble     index and PREAMBLE_RECEIVED_TARGET_POWER.
-
if TA timer is running and the random access preamble is not explicitly signaled:


- 
apply the timing advance according to TIMING_ADVANCE after the transmission of the preamble.

- 
else:


-
stop the TA timer if running.
5.2
Maintenance of Uplink Time Alignment

The UE has a configurable Time Alignment Timer. The Time Alignment Timer is valid only in the cell for which it was configured and started.

The UE shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command;

-
update TIMING_ADVANCE by summing the received value with the stored value;
-
start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).

-
when a Timing Advance Command is received in a Random Access Response message:
-
if the Random Access Preamble and PRACH resource were explicitly signalled:

-
apply the Timing Advance Command;
-
update TIMING_ADVANCE by summing the received value with the stored value;
-
start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).

- 
else, if the Time Alignment Timer is not running or has expired:

-
reset TIMING_ADVANCE to zero;
-
apply the Timing Advance Command;
-
update TIMING_ADVANCE by summing the received value with the stored value;
-
start the Time Alignment Timer;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop the Time Alignment Timer.

-
else:

-
ignore the received Timing Advance Command.
-
when the Time Alignment Timer has expired or is not running:

-
prior to any UL-SCH transmission, use the Random Access procedure (see subclause 5.1) in order to obtain uplink Time Alignment. 

-
when the Time Alignment Timer expires:

-
flush all HARQ buffers and consider the next transmission for each process as the very first transmission;

-
notify RRC of PUCCH/SRS release;

-
clear any configured downlink assignments and uplink grants.



3 Conclusion 
Table 4 shows the pros and cons of each approach.
<Table 4>
	
	Pros
	Cons

	Approach 1: Following RAN 1 behaviour
	· Simple change
· No impact to RAN1 spec
	· Possible unsynchronized uplink transmission

	Approach 2: Following RAN 2 behaviour
	· No unsynchronized uplink transmission
	· More changes.
· Impact to RAN1 spec

	Approach 3: Hybrid
	· No unsynchronized uplink transmission
· No impact to RAN1 spec
	· More changes


It is proposed for RAN 2 to discuss which way to go. If any solution is agreed this meeting, Samsung is happy to provide relevant CRs.
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