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1 Introduction

During RAN4#74bis, some remaining issues relating to DC demodulation requirements were discussed and framework CRs were agreed [1]. Two significant issues remain outstanding; the FRC used for the TDD tests and the applicability rule for UEs capable of operating both configuration 1A and 3C.
This contribution addresses the TDD test. During the discussion at RAN4#74bis, a Way Forward was presented to apply uplink/downlink configuration 5 (1 UL timeslot) for the TDD test but not agreed due to concerns about forward compatibility. As an alternative to UL/DL configuration 5, configuration 2 (2 UL slots) was also discussed.
2 Discussion

The aim of the SDR test is to validate functionality up to and including PDCP is capable to operate when the UE is scheduled with a maximal data rate for a sustained period of time. The RAN5 test requires both meeting a minimum success rate for TB reception and error free PDCP reception:

1.                         The SS looks up TBsize in Table 8.7.1.1.4.1-1 for the tests to be performed depending on the UE category  according to Table 8.7.1.1.5-3.

2.                         SS sets the counters NDL_newtx ,NDL_retx, NUL_PDCP, and NDL_PDCP to 0.

3.                         For each new DL HARQ transmission the SS generates sufficient PDCP SDUs to fill up the TB in accordance with Table 8.7.1.1.4.1-1 (Note 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 and NDL_PDCP by the number of new PDCP SDUs (Note 1) included in the sent MAC PDU.

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

5.                         Steps 3 to 4 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.

6.                         For each PDCP SDU received at the SS, if the content of the data matches that of the truncated version of the original PDCP SDU generated at the SS, the SS increments NUL_PDCP by one

7.                         The SS calculates the TB success rate as A = 100%*NDL_newtx/ (NDL_newtx + NDL_retx)

8.                         The SS calculates the PDCP SDU loss as B = NDL_PDCP - NUL_PDCP
9.                         The UE passes the test if A ≥ "corresponding TB success rates according to Table 8.7.1.1.5-1" 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.

Thus the SDR test is unlike other demodulation requirements, which consider performance up to MAC. Other demodulation requirements do not test PDCP.
In order for the SDR test to achieve proper test coverage, the test must be applied with a maximal UE transport block size. For TDD, the maximal transport block size is achieved when only 1 uplink slot is configured.

ACK/NACK signaling relating to DL HARQ must be carried in UL PUCCH (or PUSCH). In TDD, the number of DL slots may outnumber the number of uplink slots, in which case so-called ACK/NACK bundling must be applied. ACK/NACK bundling is associated with a certain degree of performance loss in the downlink.

When configured with PUCCH format 3, the PUCCH is capable of carrying 20 bits per slot. The SDR test is operated with 2 transport blocks per slot in downlink and 2 cells. Thus, with 8 downlink slots a total of 32 ACK/NACK bits are required to be transmitted in the single uplink slot. If a single carrier is transmitted on the uplink slot, then clearly a significant amount of ACK/NACK bundling would be required. For this reason, SDR tests for CA and single uplink are specified for UL/DL configuration 1, since it would not be possible to achieve a peak rate with configuration 5. However, with DC two uplink cells are transmitted. Hence, 40 bits are available in the uplink and there is no need for ACK/NACK bundling.

Observation 1: If UL/DL configuration 5 is applied for DC SDR, there is no need to apply ACK/NACK bundling.

Figure 1 repeats simulation results first presented during RAN4#74 in [2] indicating the performance with UL/DL configuration 5. The figure indicates that the SDR test is clearly feasible with this configuration. Furthermore, the availability of 2 UL removes the performance degradation associated with ACK/NACK bundling.
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Figure 1 TDD relative TP for SDR 15MHz UL/DL config 5

A concern that was expressed at RAN4#74bis was that in the future, further SDR requirements for DC with >2 downlink cells are likely to be developed and that these would be incompatible with the use of UL/DL configuration 5. Clearly, this is the case; with 3 cells the number of ACK/NACK bits to be transmitted would be 48 and bundling would be required. Thus, an alternative UL/DL configuration would be necessary in those cases.
The need for an alternative UL/DL configuration in future releases however does not imply that the approach developed in the specifications for Release 12 DC would become invalid or need significant revision.

The following text indicates how an SDR requirement with UL/DL configuration 5 could be implemented in the specification:

	Test number
	Bandwidth combination (MHz)
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

TB success rate across CGs(%) 

	
	
	
	
	DRB type of Split bearer (Note 2)
	DRB type of SCG bearer (Note 3)

	
	
	
	
	
	MCG
	SCG

	1
	15+20
	55056/0 for 15MHz CC
75376/0 for 20MHz CC (Note 3)
	R31-5A TDD for 15MHz CC
R.31-4A TDD for 20MHz CC
	[85]
	[85]
	[85]

	2
	2x20
	75376/0 (Note 4)
	R.31-4A TDD

	[85]
	[85]
	[85]

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 2:
For the configuration of DRB type of Split bearer,the TB success rate across CGs is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks. All the above numbers of transmitted, retransmitted or correctly received DL transport blocks are calculated as the sum of the numbers of DL transport blockes across all the CGs used for DC transmission or reception.

Note 3:
For the configuration of DRB type of SCG bearer, the TB success rate across CGs is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks. All the above numbers of transmitted, retransmitted or correctly received DL transport blocks are calculated as the sum of the numbers of DL transport blockes per CG used for DC transmission or reception, separately.
Note 4:
71112 bits for sub-frame 5.


The following indicates how in a future release an alternative UL/DL configuration would be accommodated. Accommodating a different UL/DL configuration would involve specifying a different FRC for the new tests. Since different FRCs are specified for different tests anyhow, the minimal changes to the specification required for accommodating UL/DL configuration 5 do not seem to justify a suboptimal SDR test that does not test the maximum achievable rate.
	Test number
	Bandwidth combination (MHz)
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

TB success rate across CGs(%) 

	
	
	
	
	DRB type of Split bearer (Note 2)
	DRB type of SCG bearer (Note 3)

	
	
	
	
	
	MCG
	SCG

	1
	15+20
	55056/0 for 15MHz CC
75376/0 for 20MHz CC (Note 3)
	R31-5A TDD for 15MHz CC
R.31-4A TDD for 20MHz CC
	[85]
	[85]
	[85]

	2
	2x20
	75376/0 (Note 4)
	R.31-4A TDD

	[85]
	[85]
	[85]

	3
	3x20

	75376/0 (Note 4)
	R.31-4 TDD

	[85]
	[85]
	[85]

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 2:
For the configuration of DRB type of Split bearer,the TB success rate across CGs is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks. All the above numbers of transmitted, retransmitted or correctly received DL transport blocks are calculated as the sum of the numbers of DL transport blockes across all the CGs used for DC transmission or reception.

Note 3:
For the configuration of DRB type of SCG bearer, the TB success rate across CGs is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks. All the above numbers of transmitted, retransmitted or correctly received DL transport blocks are calculated as the sum of the numbers of DL transport blockes per CG used for DC transmission or reception, separately.
Note 4:
71112 bits for sub-frame 5.


3 Conclusion

The discussion in section 2 indicates that DC differs from CA with 1 UL in that double the PUCCH capacity is available. Whereas for CA UL/DL configuration 5 is not supportable at peak rate due to the need for ACK/NACK bundling, with DC there is no need for bundling and configuration 5 represents the peak rate that the UE must support. Simulation results show that supporting the peak rate is feasible. Configuration 5 is not likely to be supportable for future DC supporting a larger number of cells, but the specifications can deal with changing the configuration with a larger number of cells with a minimum of change (Indeed, this is the way in which the test deal with differences in bandwidth and modulation format already).
Proposal: Adopt UL/DL configuration 5 for the TDD SDR test for DC with 2 downlink cells in release 12.
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�These new FRCs specify UL/DL configuration 5


�Example DC with more cells


�The only change is a change in the FRC
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