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1. Introduction
In RAN4-83 meeting, test case for sustained data rate was added to TS 38.521-4 [2]. The test procedure was kept as TBD to investigate approaches other than the traditionally used loopback mode.

This paper discusses a new approach for testing NR SDR test case.

2. Discussion

38.101-4 [1] requirement for SDR test case is specified as follows.
The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. The sustained downlink data rate shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2. The test case below specifies the RF conditions and the required success rate of delivered TB by Layer 1 to meet the sustained data rate requirement.
So far in LTE, approach used for layer 2 (upto PDCP) verification was via use of loopback mode. The call flow involved placing the UE in loopback mode A wherein UE was required to decode the DL PDCP SDU and loopback a truncated version of each DL PDCP packet into the UL. SS would compare the truncated version of the packet received with the original packet it sent to determine if the UE successfully decoded the DL PDCP packet.

This approach placed an enormous burden on UE for processing DL packets and then looping back into UL even though UL data path verification was not a requirement.

Observation 1: Traditional loopback mode places a huge burden on the UE for looping back DL PDCP packets into UL even though UL data path verification was not a requirement.

With 5G-NR there is an even greater asymmetry between DL and UL throughput rates. This further increases the UE processing burden.
We propose a new approach for SDR test case procedure. For this new approach following aspects are needed

1. Use UE Test Loop Mode A function with UL_PDCP_SDU_SIZE = 0
5.4.3
UE test loop mode A operation

Upon receiving a PDCP SDU identified by LB_ID when operating in E-UTRA or NB-IoT mode with UE Test Loop Mode A active the UE shall:

1>
if UL_PDCP_SDU_scaling(LB_ID) is FALSE:

2>
take the PDCP SDU from the output of the PDCP Service Access Point (SAP) and provide it as input to the correspondent PDCP SAP in uplink and transmit, see Figure 5.4.3-1.
1>
else:
2>
if UL_PDCP_SDU_size(LB_ID) = 0:

3>
discard the PDCP SDU (no data is returned).
Use existing UE test loop mode A with UL_PDCP_SDU_SIZE = 0 to ensure no DL data is looped back into the UL. This will ensure UE after receiving the data, record the decode status and simply discard the packets instead of looping the data back into the UL
Proposal 1: Use existing UE test loop mode A with UL_PDCP_SDU_SIZE = 0 to ensure no DL data is looped back into the UL. 
2. 
Use of PDCP status report query

· For the SS to calculate the PDCP SDU missed by the UE, query the PDCP status report from the UE via PDCP reestablishment procedure. The PDCP status report from the UE provides the FMC (first missing count), Bitmap (bitmap containing all the missing packet sequence number). SS shall use this info to compute the PDCP SDU loss.
· In order for the SS to only compute the PDCP SDU loss during the measurement interval, SS shall send a PDCP status report before the actual test starts in order to flush out any earlier missed PDCP SDU. 

· Once the measurement interval is completed, SS shall send a second PDCP status report to get the missing COUNT info for the measurement duration.

· Test Procedure will also require SS to NOT configure T-reordering timer (which implies value infinity) to ensure UE doesn’t flush missing packet COUNT till it responds to PDCP status report request from SS.

TS 38.523 [3] provides details on the PDCP status report procedure

5.4.1
Transmit operation

For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a PDCP entity re-establishment;

-
upper layer requests a PDCP data recovery.

If a PDCP status report is triggered, the receiving PDCP entity shall:

-
compile a PDCP status report as indicated below by:

-
setting the FMC field to RX_DELIV;

-
if RX_DELIV < RX_NEXT:

-
allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;

-
setting in the bitmap field as '0' for all PDCP SDUs that have not been received, and optionally PDCP SDUs for which decompression have failed;

-
setting in the bitmap field as '1' for all PDCP SDUs that have been received;

-
submit the PDCP status report to lower layers as the first PDCP PDU for transmission via the transmitting PDCP entity as specified in subclause 5.2.1.
6.2.3.1
Control PDU for PDCP status report

Figure 6.2.3.1-1 shows the format of the PDCP Control PDU carrying one PDCP status report. This format is applicable for AM DRBs.
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Figure 6.2.3.1-1: PDCP Control PDU format for PDCP status report

3. 
 
Layer 1 verification

· The procedure for Layer 1 TB success rate calculation is to be reused from LTE
Combining the above aspects, the test procedure for SDR test case will look like below.

5.5.1.4.1
Initial Conditions

5.
Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On, Test Loop Function On with UE Test Loop Mode A with UL_PDCP_SDU_SIZE = 0 according to TS 38.508-1 [6] clause 4.5.4. Message content are defined in clause 5.5.1.4.3.
5.5.1.4.2
Test procedure

1.
SS configures T-reordering timer to be infinity.

2.
SS sends a PDCP reestablishment via RRC Reconfiguration message requesting for PDCP Status Report.

3.
SS sets the counters NDL_newtx NDL_retx to 0.
4.
For each new DL HARQ transmission the SS generates sufficient PDCP SDUs to fill up the TB in accordance with Annex A.3.2_1. The SS ciphers the PDCP SDUs, concatenates the resultant PDCP PDUs to form an RLC PDU and then a MAC PDU. The SS transmits the MAC PDU. The SS increments then NDL_newtx by one

5.
If PHY requests a DL HARQ retransmission, the SS performs a HARQ retransmission and increments NDL_retx by one.

6.
Steps 4 to 5 are repeated at every TTI for at least 300 frames and the SS waits for 300ms to let any HARQ retransmissions and RLC retransmissions to finish.
7.
SS sends a PDCP reestablishment via RRC Reconfiguration message requesting for PDCP Status Report.

8.
The SS calculates the TB success rate as A = 100%*NDL_newtx/ (NDL_newtx + NDL_retx). Measurements are not based on UE feedback but on SS counters instead (NDL_newtx and NDL_retx) in order to validate HARQ feedback received from the UE.
9.
SS computes the PDCP SDU loss by looking into the FMC and Bitmap field in the PDCP Status Report. PDCP SDU loss B = COUNT reported in the Bitmap field of PDCP Stata Report. 

10.
The UE passes the test if A ≥  85% TB success rates and B = 0.


NOTE 1:
In case of RLC PDU retransmission, the number of new required PDCP SDUs is as many as to fill the rest of TB
Proposal 2: Adopt the above mentioned test procedure for SDR test case in 38.521-4 spec.
3. Conclusions

Observation 1: Traditional loopback mode places a huge burden on the UE for looping back DL PDCP packets into UL even though UL data path verification was not a requirement.

Proposal 1: Use existing UE test loop mode A with UL_PDCP_SDU_SIZE = 0 to ensure no DL data is looped back into the UL. 
Proposal 2: Adopt the proposed test procedure for SDR test case in 38.521-4 spec.
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