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1. Introduction
At RAN#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. In this contribution, we discuss TB processing over multi-slot PUSCH for coverage enhancements.

2. Discussion on TB processing over multi-slot PUSCH 
· Definition of TB processing over multi-slot PUSCH
The core concept of TBoMS is to transmit one TB over multiple slots for coverage enhancements. This concept can be achieved by type A PUSCH repetition in Rel-15/16 as well. Also, the rate-matching unit was discussed, and the following working assumption to support rate-matching per slots was made at RAN1#106bis-e meeting [2].

	Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
· The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.



If the unit of rate-matching is a slot, TBoMS and repetitions type A are basically the same other than the redundancy version index assignment and TBS determination. Given the affinity between TBoMS and repetitions, the design of TBoMS can follow repetition schemes with the different RV index assignment and TBS determination.

Observation 1: TBoMS can be viewed as one of repetition scheme, considering the similarity between TBoMS and type A PUSCH repetition. 

· Collision handling
As TBoMS can be treated as one of repetition schemes in our view, legacy Rel-15/16 framework for UCI multiplexing with PUSCH repetitions can be applied to TBoMS. For example, UCI can be multiplexed on PUSCH transmission at each slot as PUSCH repetition type A.
One controversial point is how to calculate the number of coded modulation symbols for UCI. In the current specification, this number is derived from the code block size for UL-SCH of the PUSCH transmission. However, it is ambiguous whether or not the PUSCH transmission implies either PUSCH transmission within a slot or PUSCH transmissions over multi-slots when the existing design for PUSCH repetition is reused for TBoMS. Thus, the clarification about this point, including the necessity of spec modification for TBoMS, should be discussed at the RAN1 meeting.

Proposal 1: Reuse legacy Rel-15/Rel-16 framework for UCI multiplexing with PUSCH as much as possible for TBoMS, unless new rules are necessary to operate TBoMS PUSCH.

Proposal 2: How to calculate the number of coded modulation symbols for UCI in TBoMS PUSCH should be discussed. 

· Starting points of bit selections
At RAN1#106bis-e meeting, the starting points of bit selection was discussed, and the following agreement was made [2].

	Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.
 



As Ninfo in TBoMS is expected to be enlarged, the length of circular buffer becomes large in TBoMS. To transmit single RV over multi-slots in TBoMS, there are two interpretations: continuous bit selection with UCI multiplexing into consideration (Option B) or continuous bit selection with ignoring the effect by UCI multiplexing (Option C). The difference between these two options is whether bit selection starting points are determined with the calculated number of coded modulation symbols for UCI. Fig.1 shows the examples for each option when UCI is multiplexed on the first slot for TBoMS PUSCH. As can be seen in Fig.1, Option C produces the gap of selected sequences from circular buffer between the first and second slot, while Option B avoids it. In terms of coverage performance, transmitting parity bits instead of systematic bits should be avoided. Hence, Option B seems preferred in a sense that TBoMS is designed to avoid missing systematic bit transmissions. 

[image: ]
Figure 1. Example of bit selections for single TBoMS with single RV.

However, Option B can cause the misalignment of starting points between gNB and UE, when DCI for scheduling UCI is miss-detected. Fig.2 illustrates this error propagation issue for Option B, where DCI for scheduling UCI multiplexed on the first slot is not detected by UE. In this case, gNB and UE assume different positions as starting points, after the slot where UCI is supposed to be multiplexed on PUSCH. 
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Figure 2. Issue of error propagation in Option B bit selection.

Fig.3 shows the simulation results capturing the performance for each option, when 4 slots are allocated for TBoMS PUSCH and UCI containing 11 bits is multiplexed on the first slot. In this case, the number of REs for UCI and UL-SCH can be calculated as shown in Table 2 (Appendix), and the extracted positions from circular buffer on each slot are illustrated as shown in Fig. 4. As can be seen from this figure, Option C incurs the gap of selected sequences from the circular buffer between the first and second slots. However, the simulation results show that the performance is almost the same for Option B and Option C in case of no misalignment between gNB and UE. On the contrary, Option C provides better performance than Option B with the misalignment caused by miss-detecting DCI for scheduling UCI. This is because the misalignment affects the detection only in the slot on which UCI is supposed to be multiplexed in Option C, while the misalignment is propagated over all slots in Option B. As DCI miss-detection could occur especially in CovEnh target scenarios where UE is located at the cell edge, Option B should not be supported to avoid this error propagation issue.

Proposal 3: Support continuous bit selections with ignoring UCI multiplexing effects (Option C) to avoid the error propagation issue caused by DCI miss-detection. 


Figure 3. Link level simulation results of PUSCH at 4GHz eMBB urban scenario, where the number of PRB and the number of slots for one TB, the number of UCI bits are 10, 4, and 11, respectively.
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Figure 4. Extracted positions from circular buffer on each slot for each Option, when DCI scheduling for UCI is detected.

In either option, starting points of bit selections other than the first bit selection are continuous from the encoded bits taken from circular buffer in the previous bit selection. However, a starting point of bit selection is equal to the times of the LDPC lifting size in the current specification to reduce the UE burden. Accordingly, the starting point of each bit selection should be floored with a LDPC lifting size.

Proposal 4: The starting point of each bit selection should be floored with a LDPC lifting size. 

3. Performance evaluation of TB processing over multi-slot PUSCH
· Simulation results of TBoMS vs repetition vs repetition of TBoMS
When the allocated resources and the actual code rate are the same, the biggest difference between TBoMS, repetition, and repetition of TBoMS is a starting point of bit selections. Fig. 5 shows the simulation results capturing the performance between TBoMS, repetition, and repetition of TBoMS. As can be seen from the figure, the performance of repetition is worse than TBoMS and repetition of TBoMS. This gap comes from the fact that the modulation order gets high only in PUSCH repetition, as the target code rate achieving the same actual code rate is high in PUSCH repetition. 

Observation 2: TBoMS can provide higher performance than repetition, when the modulation order of TBoMS is lower than that of repetition. 


Figure 5. Link level simulation results of PUSCH at 4GHz VoIP urban scenario, where the number of PRB and the number of slots for one TB are 2 and 8, respectively.

Fig. 6 shows the simulation results capturing the performance between TBoMS, repetition, and repetition of TBoMS. The gap between each plot is from the starting points of bit selections and base graph selection. As can be seen from the figure, the performance of repetition is worse than TBoMS and repetition of TBoMS. This is because the base graph 1 is used only in PUSCH repetition, as the target code rate achieving the same actual code rate is high in PUSCH repetition. 

Observation 3: TBoMS can provide higher performance than repetition, when the base graph 2 and 1 are used for TBoMS and repetition, respectively. 


Figure 6. Link level simulation results of PUSCH at 4GHz VoIP urban scenario, where the number of PRB, the number of slots for one TB, and the modulation order are 2, 8 and QPSK, respectively.

4. Conclusion
In this contribution, we discussed TB processing over multi-slot PUSCH for coverage enhancements. Based on the discussion we made following proposals and observations.

Proposal 1: Reuse legacy Rel-15/Rel-16 framework for UCI multiplexing with PUSCH as much as possible for TBoMS, unless new rules are necessary to operate TBoMS PUSCH.

Proposal 2: How to calculate the number of coded modulation symbols for UCI in TBoMS PUSCH should be discussed. 

Proposal 3: Support continuous bit selections with ignoring UCI multiplexing effects (Option C) to avoid the error propagation issue caused by DCI miss-detection. 

Proposal 4: The starting point of each bit selection should be floored with a LDPC lifting size. 

Observation 1: TBoMS can be viewed as one of repetition scheme, considering the similarity between TBoMS and type A PUSCH repetition. 

Observation 2: TBoMS can provide higher performance than repetition, when the modulation order of TBoMS is lower than that of repetition. 

Observation 3: TBoMS can provide higher performance than repetition, when the base graph 2 and 1 are used for TBoMS and repetition, respectively. 
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Table 1: Evaluation assumptions.
	Parameter
	Value

	Carrier Frequency [GHz]
	4 GHz

	Subcarrier Spacing [kHz]
	30 kHz

	Waveform
	DFT-s-OFDM

	Channel model
	TDL-C (NLoS)

	Delay spread
	300ns

	UE speed
	3km/h

	CP Type
	Normal CP

	Antennas
	1T2R 

	RV id for TBoMS
	0

	RV id for repetition
	[0,2,3,1]



Table 2: Calculation of the number of REs mapped for UCI and UL-SCH when UCI bits, number of slots for one TB, and number of PRB are 11, 4, and 10, respectively.

[image: ]
No UCI multiplexing	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	0.82689999999999997	0.6825	0.51590000000000003	0.35349999999999998	0.21909999999999999	0.1193	5.8000000000000003E-2	2.5899999999999999E-2	9.7999999999999997E-3	2.8999999999999998E-3	6.9999999999999999E-4	2.0000000000000001E-4	UCI 11bits in Option B	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	0.85	0.70889999999999997	0.54710000000000003	0.38400000000000001	0.2409	0.13500000000000001	6.7100000000000007E-2	2.8500000000000001E-2	1.15E-2	4.8999999999999998E-3	1.1999999999999999E-3	4.0000000000000002E-4	UCI 11bits in Option C	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	0.84370000000000001	0.70379999999999998	0.53949999999999998	0.37669999999999998	0.23649999999999999	0.12920000000000001	6.2700000000000006E-2	2.6599999999999999E-2	1.09E-2	4.5999999999999999E-3	1.5E-3	2.9999999999999997E-4	1E-4	UCI 11bits in Option B with misalignment	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	0.99990000000000001	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	UCI 11bits in Option C with misalignment	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	0.99350000000000005	0.97409999999999997	0.92610000000000003	0.84140000000000004	0.70699999999999996	0.54879999999999995	0.3856	0.25069999999999998	0.1434	7.4700000000000003E-2	3.2899999999999999E-2	1.34E-2	4.7999999999999996E-3	1.2999999999999999E-3	2.9999999999999997E-4	2.0000000000000001E-4	SNR [dB]
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TBoMS, 8 slots, QPSK, R = 99/1024	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	0.999	0.99350000000000005	0.97860000000000003	0.94040000000000001	0.87580000000000002	0.78539999999999999	0.65629999999999999	0.52559999999999996	0.40200000000000002	0.29920000000000002	0.21340000000000001	0.1479	9.6600000000000005E-2	6.2E-2	3.6700000000000003E-2	2.1700000000000001E-2	1.2200000000000001E-2	6.1000000000000004E-3	3.2000000000000002E-3	1.2999999999999999E-3	8.0000000000000004E-4	2.0000000000000001E-4	1E-4	1E-4	Repetition, 8 slots, 16QAM, R = 396/1024	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	1	0.99890000000000001	0.99529999999999996	0.98029999999999995	0.93820000000000003	0.87490000000000001	0.78600000000000003	0.66700000000000004	0.53700000000000003	0.40660000000000002	0.2984	0.2142	0.14749999999999999	9.7199999999999995E-2	6.1499999999999999E-2	3.6600000000000001E-2	2.1600000000000001E-2	1.2800000000000001E-2	6.3E-3	3.0999999999999999E-3	1.2999999999999999E-3	2.0000000000000001E-4	TBoMS 4 slots, Repetition 2 slots, QPSK, R = 198/1024	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	0.99870000000000003	0.99299999999999999	0.97760000000000002	0.94169999999999998	0.87429999999999997	0.77370000000000005	0.65749999999999997	0.52969999999999995	0.40589999999999998	0.29859999999999998	0.21049999999999999	0.14269999999999999	9.4100000000000003E-2	5.9200000000000003E-2	3.4599999999999999E-2	1.9099999999999999E-2	1.1900000000000001E-2	5.5999999999999999E-3	2.5000000000000001E-3	1.1999999999999999E-3	5.0000000000000001E-4	1E-4	TBoMS 2 slots, Repetition 4 slots, QPSK, R = 396/1024	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	0.99880000000000002	0.99470000000000003	0.97909999999999997	0.94199999999999995	0.87180000000000002	0.77959999999999996	0.66159999999999997	0.52749999999999997	0.4088	0.29930000000000001	0.21	0.14030000000000001	9.2600000000000002E-2	5.7299999999999997E-2	3.4500000000000003E-2	2.1000000000000001E-2	1.0800000000000001E-2	6.0000000000000001E-3	1.8E-3	1.2999999999999999E-3	5.0000000000000001E-4	2.0000000000000001E-4	SNR [dB]
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TBoMS 8 slots, R = 86/1024, BG = 2	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	0.99709999999999999	0.98550000000000004	0.95650000000000002	0.90349999999999997	0.81540000000000001	0.70250000000000001	0.5776	0.46	0.34260000000000002	0.25240000000000001	0.17530000000000001	0.1187	7.3599999999999999E-2	4.6699999999999998E-2	2.81E-2	1.61E-2	8.0999999999999996E-3	2.8E-3	1.2999999999999999E-3	5.9999999999999995E-4	2.0000000000000001E-4	1E-4	1E-4	Repetition, 8 slots, R = 688/1024, BG = 1	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	0.99770000000000003	0.99039999999999995	0.96840000000000004	0.92259999999999998	0.84389999999999998	0.74950000000000006	0.62680000000000002	0.50390000000000001	0.38600000000000001	0.27979999999999999	0.20150000000000001	0.1406	9.3200000000000005E-2	5.8299999999999998E-2	3.56E-2	2.0400000000000001E-2	1.0200000000000001E-2	5.1999999999999998E-3	2.5000000000000001E-3	1.6000000000000001E-3	5.0000000000000001E-4	2.9999999999999997E-4	2.0000000000000001E-4	1E-4	TBoMS 4 slots, Repetition 2 slots, R = 172/1024, BG = 2	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	0.99650000000000005	0.98519999999999996	0.95720000000000005	0.89980000000000004	0.81220000000000003	0.7077	0.58140000000000003	0.45789999999999997	0.34749999999999998	0.25180000000000002	0.1721	0.1159	7.2499999999999995E-2	4.3499999999999997E-2	2.7400000000000001E-2	1.44E-2	7.9000000000000008E-3	4.1999999999999997E-3	1.8E-3	6.9999999999999999E-4	4.0000000000000002E-4	2.0000000000000001E-4	TBoMS 2 slots, Repetition 4 slots, R = 344/1024, BG = 2	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	0.99670000000000003	0.98760000000000003	0.96140000000000003	0.91	0.82630000000000003	0.7198	0.59799999999999998	0.4677	0.34560000000000002	0.25259999999999999	0.17499999999999999	0.1144	7.4399999999999994E-2	4.9399999999999999E-2	2.9399999999999999E-2	1.7600000000000001E-2	1.0500000000000001E-2	4.4000000000000003E-3	1.8E-3	8.9999999999999998E-4	4.0000000000000002E-4	2.0000000000000001E-4	1E-4	SNR [dB]
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