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1. Introduction
In E-UTRA Layer 2 test cases (MAC, RLC and PDCP), as was done for UMTS testing, the UE is placed in a test mode such that the PDUs received in the Downlink shall be looped back on the Uplink. 

For every data transmission in the Uplink, the UE needs to be allocated a sufficient Uplink grant by the network before data can be sent. Therefore it is necessary to ensure that at every step when the UE is expected to make a transmission, it has previously received an adequate grant from the SS. 
Given that Uplink grant allocation involves MAC procedures and messages, it should normally not be included in RLC or PDCP test cases since these procedures and messages do not belong to the layer under test. Thus the SS should transparently take care of allocating Uplink grant without the need to explicitly mention this process in the test procedure sequence. However there are different ways of allocating Uplink grants, with dependencies on system configuration and corresponding timing implications, therefore it is necessary to unambiguously agree on a uniform method to have the SS allocate Uplink grants to ensure consistency and repeatability across test platforms.
The goal of this contribution is to review the constraints related to Uplink grant allocation, to discuss the various possible allocation methods with their timing implications, and to propose a way forward applicable to all Layer 2 test cases.
2
Discussion
2.1
Constraints

When deciding which Uplink grant allocation method should be chosen, the following constraints need to be considered:

(1) There are 2 types of Uplink grants: dynamic and semi-persistent scheduling
(1.a) Dynamic Uplink grants are given for the next transmission opportunity. For FDD, an UL grant sent at subframe N is used in subframe N+4.
(1.b) Semi-persistent Scheduling (SPS) Uplink grants allow the UE to send x bits of data every y ms, where the minimum value of y is 10 ms.

(2) Uplink grants are assigned specifically for a new transmission, or for a retransmission.
(3) If the UE does not have any data to send, but has been assigned a grant, it will send a padding BSR + padding instead.
(4) The RLC in the UE may concatenate multiple PDUs received in the Downlink, into a single PDU sent in the Uplink, if the assigned grant allows it.
(5) The UE will signal the need to transmit some data in the following way:

(5.a) if no PUCCH-SR is configured, the UE will initiate a Random Access procedure to get an Uplink grant from the network.
(5.b) If a PUCCH-SR is configured, the UE will send an SR on the PUCCH, and repeat it until the network replies with an Uplink grant on the PDCCH. The UE will then use this Uplink grant to send a BSR, a MAC Control Element, plus as much data as fits, on the UL-SCH.
2.2
Possible Uplink grant allocation methods

6 possible methods to have the SS allocate Uplink grants to the UE have been identified:
· Method #1: At the beginning of the test sequence, have the SS allocate dynamic Uplink grants for all the PDUs that the UE may attempt to transmit during the test. 
· Method #2: At the beginning of the test sequence, have the SS allocate an SPS Uplink grant allowing the UE to transmit x bits every y ms, where x is set to the maximum amount of data the UE will need to transmit.
· Method #3: Without a PUCCH-SR configured, whenever the UE signals the need to transmit some data by going through the Random Access procedure, have the SS allocate the corresponding dynamic Uplink grant. 
· Method #4: With a PUCCH-SR configured, whenever the UE signals the need to transmit some data by sending an SR on the PUCCH, have the SS allocate the corresponding dynamic Uplink grant.
· Method #5: For every step when it is checked whether the UE transmits some data, have the SS allocate a dynamic Uplink grant at the appropriate time (without waiting for the UE to signal the need to make a transmission).
· Method #6: Have the SS continuously allocate dynamic Uplink grants so that the UE always has a sufficient grant available when it needs to transmit some data.

The details of these 6 methods are discussed in the following:
Method #1:

Since according to (1.a) in section 2.1, a dynamic Uplink grant is only valid for the next transmission opportunity, it is not possible to have the SS assigns all required grants at the beginning of the test sequence and expect the UE to use them as needed during the course of the test, since they will all have “expired” once the corresponding transmission opportunity has passed. Therefore this method is not suitable for Layer 2 conformance testing.
Method #2:

Since according to (1.b) in section 2.1, the minimum periodicity of transmission for an SPS grant is currently 10 ms, method #2 would impose a minimum delay of 10 ms between each UE transmission. This might be a problem for test cases in which timer mechanisms are verified, and a granularity of less than 10 ms in Uplink transmissions is needed.
Method #3:

Having the UE go through a Random Access Procedure each time data needs to be sent on the Uplink will entail a delay between the need to transmit at the UE, and the actual transmission, equal to the sum of the following:
· Processing time at the UE to determine than an Uplink transmission is needed (UE implementation-dependent)

· Random Access Preamble sent on the PRACH at the next Random Access occasion (system configuration-dependent)
· Random Access Response with Uplink grant assignment received by the UE
· Uplink grant processing at the UE (as defined in TS 36.213)
· First transmission on the UL-SCH
Method #4:

Using SR on the PUCCH for the UE to signal the need to transmit data will entail a delay between the need to transmit at the UE, and the actual transmission, equal to the sum of the following:
· Processing time at the UE to determine than an Uplink transmission is needed (UE implementation-dependent)

· SR sent on PUCCH at the next available TTI (system configuration-dependent) 
· Uplink grant assignment on the PDCCH
· Uplink grant processing at the UE (as defined in TS 36.213)
· First transmission on the UL-SCH
Method #5:

In this method, at every step when it is checked whether the UE transmits some data, the SS would transparently allocate a dynamic Uplink grant in time for the UE to have a sufficient grant available to make the transmission.

This is similar to the method that has been agreed in RAN2 when discussing RRC procedure delay (Option 1 in [1] agreed at RAN2#63).

This method would be suitable for Layer 2 testing only if the following conditions can be met by the test equipment:

· The assigned grant should always be received at the appropriate time by the UE for the expected transmission to be made possible

· The assigned grant should always correspond to the amount of data the UE is expected to transmit (or NOT transmit in the case when the test case is checking for an erroneous transmission)

· if the UE is expected to segment/concatenate SDUs, the assigned grant should be dimensioned accordingly

· The assigned grant should always correspond to the type of transmission (new transmission or retransmission) that the UE is expected to make (or NOT make in the case when the test case is checking for an erroneous transmission)

· Test configuration should be such that UE is not using DRX

As compared to Methods #3 and #4, the delay between the need to transmit at the UE, and the actual transmission, is reduced to the sum of the following:

· Processing time at the UE to determine than an Uplink transmission is needed (UE implementation-dependent)

· Transmission on the UL-SCH at the next transmission opportunity (for FDD, in subframe N+4 where N is the subframe when the grant used was received)
Method #6:

In this method the SS would continuously allocate dynamic Uplink grants so that the UE always has a sufficient grant available when it needs to transmit some data. For instance the SS could allocate these grants every TTI.

This method imposes the same conditions on the test equipment as those of Method #5, except for the condition relative to sending the grant to the UE at the appropriate time for the expected transmission to be possible.
3
Conclusion

We discussed the various possible methods of Uplink grant allocation for E-UTRA Layer 2 conformance testing, and reached the following conclusions:

· Method #1 is not suitable for Layer 2 conformance testing.
· Method #2 does not provide a granularity of less than y ms between each Uplink transmission, where y is currently >= 10 ms.
· Methods #3 and #4 introduce variable delays depending on system configuration as well as UE implementation between the time when the UE determines it needs to transmit, and the actual transmission.

· Method #5 is in-line with the RAN2 definition of RRC procedure delay agreed in [1] but is suitable for conformance testing only if the conditions listed in section 2.2 can be met by the test equipment. In particular, it imposes strict constraints on the time when the SS should send the grant to the UE, and thus might not be practical.

· Method #6 is similar to Method #5 without the timing constraint about when the SS should send the grants to the UE, and seems therefore more practical for conformance testing.
We therefore recommend using Method #6, and adopting the following assumptions as the way forward for all Layer 2 test cases:
1. Unless specified otherwise in the test case procedure, the SS shall automatically continuously allocate dynamic Uplink grants to the UE (for instance every TTI).

2. The grants assigned shall correspond to the transmission the UE is expected to make (or NOT make in the case of a negative check) in terms of:

a. Number and size of Uplink PDUs to be transmitted

b. New transmission vs retransmission

3. For test cases in which timers are being verified, the triggers used to start/stop timers are the SS shall be the data transmission on the UL-SCH (and not the SR or RACH sent by the UE). 

To account for the delay between the need to transmit at the UE, and the actual transmission, it is proposed to add a tolerance on the timer checks defined by the equation below:

Timer tolerance = 10%, or 2 ( TTI + tdelta, whichever value is the greater.

Where tdelta is 50 ms.
4. Unless the test case requires the SS to behave differently from the assumptions specified in items 1 through 3 above, Uplink grants and SR should not be explicitly mentioned in the test procedure sequence table.
An example of how existing Layer 2 test cases should be modified is presented in Appendix A.
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Appendix A

7.2.3.10.3
Test description

7.2.3.10.3.1
Pre-test conditions
System Simulator:

-
Cell 1 (FDD or TDD).

Preamble:

-
UE is brought to Loopback Activated state (state 4) according to [18] with 1 RLC AM DRB configured (called DRB1) according to table 7.2.3.10.3.1-1. PUCCH is configured.

Table 7.2.3.10.3.1-1: RLC Settings

	Parameter
	Value

	TBSize
	FFS octets

	Poll_PDU
	10

	Poll_Byte
	2 x (TBSize – 3)

	T_poll_retransmit
	FFS


Note:
these settings assume a 2-octet RLC header and 1-octet MAC header for non-segmented RLC SDUs.
7.2.3.10.3.2
Test procedure sequence
Table 7.2.3.10.3,2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	-
	EXCEPTION: In parallel to the events described in step 1, the steps specified in Table 7.2.3.10.3.2-2 should take place
	-
	-
	-
	-

	1
	The SS transmits four AMD PDUs, each containing one RLC SDU of size (TBSize – 3) octets, on DRB1.
	<--
	AMD PDU#1
AMD PDU#2

AMD PDU#3

AMD PDU#4





	-
	-

	
	
	
	
	
	

	
	





	
	



	
	

	5
	The SS does not send any RLC Status Report.
	-
	-
	-
	-

	
	


	
	
	
	

	
	
	
	
	
	

	6
	Check: Does the UE retransmit RLC PDU#4 with SN=3 and P=1 ?
Record time TB
Check: (TB – TA) = T_poll_retransmit
	-->
	AMD PDU#4
	2
	P

	7
	Upon receiving the Poll, the SS sends an RLC Status Report.
	<--
	STATUS PDU
	-
	-

	8
	Check: Does the UE retransmits an RLC PDU within T_poll_retransmit ms ?
	-->
	AMD PDU#4
	2
	F

	9
	SS performs a RRC Connection Reconfiguration procedure triggering an RLC-reestablishment of the RLC entity and sets Poll_PDU to 4.
	-
	-
	-
	-

	-
	EXCEPTION: In parallel to the events described in steps 10 to 12, the steps specified in Table 7.2.3.10.3.2-3 should take place
	-
	-
	-
	-

	10
	The SS transmits (2 x Poll_PDU) AMD PDUs, each containing an RLC SDU of size (TBSize – 3) octets, on DRB1.

	<--
	AMD PDU#1

AMD PDU#2

…

AMD PDU#(2 x Poll_PDU)





	-
	-

	
	
	
	
	
	

	
	





	
	



	
	

	11
	The SS transmits a Status Report with NACK_SN=0 and NACK_SN=1.
	<--
	STATUS PDU
	-
	-

	
	
	
	
	
	

	12
	Check: Does the UE transmit the RLC PDUs with the following SN and P values:

AMD PDU 1, SN=0, P=0

AMD PDU 2, SN=1, P=0
	-->
	AMD PDU#1

AMD PDU#2
	3
	P

	
	
	
	
	
	

	
	





	
	



	
	

	13
	SS performs a RRC Connection Reconfiguration procedure triggering an RLC-reestablishment of the RLC entity.
	-
	-
	-
	-

	-
	EXCEPTION: In parallel to the events described in step 14, the steps specified in Table 7.2.3.10.3.2-4 should take place
	-
	-
	-
	-

	14
	The SS transmits five AMD PDUs, each containing an RLC SDUs of size (TBsize – 3) octets, on DRB1.,
	<--
	AMD PDU#1

AMD PDU#2

AMD PDU#3

AMD PDU#4

AMD PDU#5






	-
	-

	
	
	
	
	
	

	
	





	
	




	
	



Table 7.2.3.10.3,2-2: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	Check: Does the UE transmit AMD PDU#1 with SN=0 and P=0 ?
	-->
	AMD PDU#1
	1
	P

	2
	Check: Does the UE transmit AMD PDU#2 with SN=1 and P=0 ?
	-->
	AMD PDU#2
	1
	P

	3
	Check: Does the UE transmit AMD PDU#3 with SN=2 and P=0 ?
	-->
	AMD PDU#3
	1
	P

	4
	Check: Does the UE transmit AMD PDU#4 with SN=3 and P=1 ?
Record time TA when PDU is received at SS.
	-->
	AMD PDU#4
	1
	P


Table 7.2.3.10.3.2-3: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	Check: Does the UE transmit AMD PDU#1 with SN=0 and P=0 ?
	-->
	AMD PDU#1
	3
	P

	2
	Check: Does the UE transmit AMD PDU#2 with SN=1 and P=0 ?
	-->
	AMD PDU#2
	3
	P

	…
	…
	…
	…
	…
	…

	1+Poll_PDU-2
	Check: Does the UE transmit AMD PDU#(Poll_PDU – 1) with SN=(Poll_PDU – 2) and P=0 ?
	-->
	AMD PDU#(Poll_PDU - 1)
	3
	P

	1+Poll_PDU-1
	Check: Does the UE transmit AMD PDU#(Poll_PDU) with SN=(Poll_PDU – 1) and P=1 ?
	-->
	AMD PDU#(Poll_PDU)
	3
	P

	1+Poll_PDU
	Check: Does the UE transmit AMD PDU#(Poll_PDU + 1) with SN=(Poll_PDU) and P=0 ?
	-->
	AMD PDU#(Poll_PDU + 1)
	3
	P

	1+Poll_PDU+1
	Check: Does the UE transmit AMD PDU#(Poll_PDU + 2) with SN=(Poll_PDU + 1) and P=0 ?
	-->
	AMD PDU#(Poll_PDU + 2)
	3
	P

	…
	…
	…
	…
	…
	…

	1+2 x Poll_PDU-2
	Check: Does the UE transmit AMD PDU#(2 x Poll_PDU - 1) with SN=(2 x Poll_PDU - 2) and P=0 ?
	-->
	AMD PDU#(2 x Poll_PDU - 1)
	3
	P

	1+2 x Poll_PDU- 1
	Check: Does the UE transmit AMD PDU#(2 x Poll_PDU) with SN=(2 x Poll_PDU - 1) and P=1 ?
	-->
	AMD PDU#(2 x Poll_PDU)
	3
	P


Table 7.2.3.10.3.2-4: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	Check: Does the UE transmit AMD PDU#1 with SN=0 and P=0 ?
	-->
	AMD PDU#1
	4
	P

	2
	Check: Does the UE transmit AMD PDU#2 with SN=1 and P=1 ?
	-->
	AMD PDU#2
	4
	P

	3
	Check: Does the UE transmit AMD PDU#3 with SN=2 and P=0 ?
	-->
	AMD PDU#3
	4
	P

	4
	Check: Does the UE transmit AMD PDU#4 with SN=3 and P=1 ?
	-->
	AMD PDU#4
	4
	P

	5
	Check: Does the UE transmit AMD PDU#5 with SN=4 and P=1 ?
	-->
	AMD PDU#5
	4
	P








