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1 Introduction

In RAN4 #92 meeting WF on LTE-NR coexistence for TDD was approved [1]:

	· Number of tests

· Option 1: 2 tests

· Test 1: Mapping Type A, Start symbol 3, Duration 9

· Test 2: Mapping Type A, Start symbol 3, Duration 11

· Option 2: 1 test

· Mapping Type A, Start symbol 3, Duration 11

· SCS for NR carrier: 15 kHz; FFS 30kHz

· Channel bandwidth: 10MHz

· TDD UL/DL configuration

· LTE: LTE UL-DL configuration 2, Special subframe configuration 7

· NR with 15kHz SCS

· Option 1: DDDSU with S=10:2:2

· Option 2: DSU+DD

· SSB configuration: 

· Periodicity 20 ms, allocated in first slot within 20 ms 

· PDSCH scheduling

· Skipped slots with NR SSB and LTE PBCH/PSS/SSS

· Number of HARQ process: 8

· Antenna configuration

· 4x2 and 4x4 ULA Low

· MCS

· MCS 4 (QPSK, CR 0.30)

· Rank

· Rank 1

· DMRS configuration

· Type 1, Single symbol, 1 additional DMRS

· TRS configuration for NR TDD configuration Option 1

· 2 slots, offset 10 ms, periodicity 20 ms

· CRS rate matching configuration

· 4 antenna ports, v-shift 0

· Channel model: 

· TDLA30-10


In this paper we provide further view on simulation assumptions for LTE-NR coexistence test and initial link-level simulation results.
2 Discussion
Most of simulations assumptions was approved in the previous meeting and the following topics are left for further discussion:
· Number of tests for SCS 15 kHz

· TDD UL/DL pattern
· Requirements for 30 kHz

Number of tests for SCS 15 kHz
FDD LTE-NR coexistence requirements are defined for two scenarios:
· Scenario 1: PDSCH mapping Type A, Start symbol 3, Duration 9
· Scenario 2: PDSCH mapping Type A, Start symbol 3, Duration 11

Scenario 1 allows to verify if UE supports rate matching around CRS. Scenario 2, in additional to verification of rate matching, allows to test if UE supports alternative DMRS configuration, which is design for these scenarios to avoid overlapping of LTE CRS and NR PDSCH DMRS in case one additional DMRS and PDSCH duration 11 are configured. Support of alternative DMRS configuration is optional feature. Therefore, TDD LTE-NR coexistence requirements should be defined at least for Scenario 1. Same time, Scenario 2 looks more practical in comparison to Scenario 1, because it allows to use all available resources for PDSCH transmission. Taking into account that each scenario has its pros and cons, we suggest to define TDD LTE-NR coexistence requirements for both scenarios. However, it is sufficient to test UE for one of scenarios, i.e. if UE supports alternative DMRS configuration then it can pass requirements only for Scenario 2 and skip testing for Scenario 1 and if UE doesn’t support alternative DMRS configuration then it can pass requirements only for Scenario 1. We suggest to define applicability note clarifying these conditions for both, FDD and TDD, scenarios.
Proposal 1:
Define two types of requirements (i.e PDSCH duration 9 and 11) for TDD LTE-NR coexistence scenarios.

Proposal 2:
Add applicability note for LTE-NR coexistence requirements that if UE supports alternative DMRS configuration then it can pass requirements only for scenario with PDSCH duration 11 and skip testing for scenario with PDSCH duration 9.
TDD UL/DL pattern for SCS 15 kHz
Based on agreements from previous RAN4 meeting, the following options of TDD UL/DL patters are considered:
· Option 1: DDDSU

· Option 2: DSU+DD

The difference between this two options is just position of different type of slots in absolute time. From performance point of view, these patterns are identical. Option 1 is already defined in specification, but ordering of different type of slots is not aligned with LTE UL/DL pattern. Option 2 requires definition of new UL/DL pattern in TS 38.101-4, but looks more practical for LTE-NR coexistence scenarios. Definition of new UL/DL pattern in TS 38.101-4 is rather straightforward and, same time, UL/DL pattern with full alignment with LTE UL/DL pattern for SCS 30 kHz is already defined. Therefore, we prefer to define TDD LTE-NR coexistence requirements for UL/DL pattern DSU+DD.
Proposal 3:
Define TDD LTE-NR coexistence requirements for UL/DL pattern DSU+DD.

Requirements for SCS 30 kHz

To optimize resource utilization in scenarios with LTE-NR coexistence, rate matching pattern around LTE CRS was introduced in NR Rel-15. However, this rate matching is only applicable to NR SCS 15 kHz. Same time, LTE-NR coexistence with NR SCS 30 kHz is also possible. To avoid collision between LTE CRS and NR PDSCH for this scenarios, PRB level rate matching can be considered (i.e. Section 5.1.4.1 in TS 38.214). In Figure 1 and Figure 2 we provide illustration of NR PDSCH scheduling in case of Type A or Type B mapping is used. 
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Figure 1. LTE-NR coexistence for NR SCS 30 kHz and Rel-15 PDSCH Type A mapping
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Figure 2. LTE-NR coexistence for NR SCS 30 kHz and Rel-15 PDSCH Type B mapping

From these figures we can observe that in NR slots #0, 2 etc. first fours symbols cannot be used because they usually reserved for LTE PDCCH transmission. Taking into account, that NR has limitations on start symbol of Type A mapping (i.e. 0, 1, 2 and 3), PDSCH with this type cannot be scheduled in NR slots #0, 2 etc. Therefore, Type B mapping can be used for these slots. However, Type B mapping has limitation on PDSCH duration and we can observe that several symbols are empty (Figure 2).
To improve resource utilization in such scenarios, RAN1 updated configuration of PDSCH type B mapping, i.e. added duration 9 and 10, and adjusted DMRS patter for these configurations in Rel-16 eMIMO WI. In Figure 3 we illustrates PDSCH mapping in case of Type B with duration 9 is used.
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Figure 3. LTE-NR coexistence for NR SCS 30 kHz and Rel-16 PDSCH Type B mapping
We can observe that Rel-16 PDSCH design allows to avoid empty resources in LTE-NR coexistence scenarios with NR SCS 30 kHz.
Based on current observations, we can conclude that LTE-NR coexistence with NR SCS 30 kHz is possible either for Rel-15 or Rel-16 NR PDSCH design. Therefore, first, RAN4 should discuss which NR PDSCH design is assumed for LTE-NR coexistence requirements with NR SCS 30 kHz, i.e. Rel-15 or Rel-16. Benefits of testing with Rel-15 PDSCH design is that all required features are mandatory with or without capability. Same time, support of PDSCH type B mapping with duration 9 and 10 probably will be optional.
Proposal 4:
Before conclusion on requirements definition for LTE-NR coexistence scenarios with NR SCS 30 kHz, RAN4 should discuss whether Rel-15 or Rel-16 PDSCH design is assumed.
3 Simulation results
In this section we provide initial simulation results for TDD LTE-NR coexistence tests based on simulation assumptions from [1] and using DSUSS UL/DL pattern. Figure 4 shows throughput curves for these tests.
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	Test 2, 2Rx
	Test 2, 4Rx
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	Figure 4. Simulation results for TDD LTE-NR coexistence tests.


Alignment simulation results are provided in Table 1.

Table 1. Alignment simulation results

	
	2 Rx
	4 Rx

	Test 1
	-3.4
	-5.8

	Test 2
	-3.4
	-5.7


4 Conclusion

In this paper we provided view on simulation assumptions for LTE-NR coexistence test for TDD mode and made the following proposal:
Proposal 1:
Define two types of requirements (i.e PDSCH duration 9 and 11) for TDD LTE-NR coexistence scenarios.

Proposal 2:
Add applicability note for LTE-NR coexistence requirements that if UE supports alternative DMRS configuration then it can pass requirements only for scenario with PDSCH duration 11 and skip testing for scenario with PDSCH duration 9.

Proposal 3:
Define TDD LTE-NR coexistence requirements for UL/DL pattern DSU+DD.

Proposal 4:
Before conclusion on requirements definition for LTE-NR coexistence scenarios with NR SCS 30 kHz, RAN4 should discuss whether Rel-15 or Rel-16 PDSCH design is assumed.
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FRC for TDD LTE-NR coexistence tests

In Table 2, we provide FRC for TDD LTE-NR coexistence requirements, assuming DSUDD UL/DL pattern and TRS with offset 9 for resources 1,2 and offset 10 for resources 3,4.
Table 2. FRC for TDD LTE-NR coexistence requirements

	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.X1 TDD
	R.PDSCH.X2 TDD
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	

	Subcarrier spacing
	kHz
	15
	15
	
	
	

	Number of allocated resource blocks
	PRBs
	52
	52
	
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	  For Slot i, if mod(i, 5) = 1 for i from {0,…,19}
	
	7
	7
	
	
	

	  For Slot i, if mod(i, 4) = {0,3,4} for i from {1,…,19}
	
	9
	11
	
	
	

	Allocated slots per 2 frames
	Slots
	16
	16
	
	
	

	MCS table
	
	64QAM
	64QAM
	
	
	

	MCS index
	
	4
	4
	
	
	

	Modulation
	
	QPSK
	QPSK
	
	
	

	Target Coding Rate
	
	0.30
	0.30
	
	
	

	Number of MIMO layers
	
	1
	1
	
	
	

	Number of DMRS REs
	
	12
	12
	
	
	

	Overhead for TBS determination
	
	18
	18
	
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slots i = 0,5,10,15
	Bits
	N/A
	N/A
	
	
	

	  For Slots i, if mod(i, 5) = {1} for i from {0,…,19}
	Bits
	1736
	1736
	
	
	

	  For Slots i, if mod(i, 5) = {3,4} for i from {0,…,19}
	Bits
	2472
	3240
	
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slots i = 0,5,10,15
	Bits
	N/A
	N/A
	
	
	

	  For Slots i, if mod(i, 5) = {1} for i from {0,…,19}
	Bits
	16
	16
	
	
	

	  For Slots i, if mod(i, 5) = {3,4} for i from {0,…,19}
	Bits
	16
	16
	
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slots i = 0,5,10,15
	CBs
	N/A
	N/A
	
	
	

	  For Slots i, if mod(i, 5) = {1} for i from {0,…,19}
	CBs
	1
	1
	
	
	

	  For Slots i, if mod(i, 5) = {3,4} for i from {0,…,19}
	CBs
	1
	1
	
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slots i = 0,5,10,15
	Bits
	N/A
	N/A
	
	
	

	  For Slots i = 9
	Bits
	7760
	10256
	
	
	

	  For Slots i, if mod(i, 5) = {1} for i from {1,…,19}
	Bits
	6288
	6288
	
	
	

	  For Slots i, if mod(i, 5) = {3,4} for i from {1,…, 8, 11, …, 19}
	Bits
	8384
	10880
	
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	1.336
	1.643
	
	
	

	Note 1:
SS/PBCH block is transmitted in slot #0 with periodicity 20 ms

Note 2:
Slot i is slot index per 2 frames

Note 3:
No user data is scheduled on slots with LTE PBCH/PSS/SSS
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