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1	Introduction
RAN4#94-e agreed with the way forward on UE/BS demodulation performance for additional enhancements for NB-IOT, where several FFS(s) are listed [1]. This contribution discusses the open issues on UE/BS demodulation requirements. 
	UE
· Whether to introduce NPDSCH performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No
BS
· Whether to introduce NPUSCH format 1 performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No
· Whether to introduce NPUSCH format 1 performance for coexistence of NB-IoT and NR
· Option 1: No 
· Option 2: Evaluate the performance for case of symbol-level reservation including the DMRS symbols



2	Discussion
2.1	Multi-TB scheduling for NPDSCH/NPUSCH
One of the open issues is whether to define new NPDSCU/NPUSCH demodulation requirements with the multi-TB scheduling. According to RAN1 agreements, NPDSCH/NPUSCH in Rel-16 supports up to 2 simultaneous transport block transmissions. 
Figure 1 and Figure 2 illustrate examples of multi-TB scheduling for DL and UL, respectively. These examples assume 2 simultaneous transport block transmissions. Although one DCI in NPDCCH can schedule multiple TBs, each TB is transmitted with the same resource allocation, MCS and repetition level. Moreover the same redundancy version sequence is used for each TB.
When the network configures the multi-TB scheduling with repetition, there are two configurations: one is the interleaved transmission where the transmitted transport block changes during the middle of repetition; another one is the non-interleaved transmission where the transmission is based on transport block. 
From NPDSCH/NPUSCH receiver algorithm point of view, we don’t see any difference from the existing single-TB scheduling. Moreover our discussion paper on Rel-16 eMTC WI shows no performance difference between single TB transmission and multi-TB transmission [2]. We therefore propose not to define new NPDSCH/NPUSCH demodulation requirements with multi-TB scheduling.

Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.


[bookmark: _Ref31362903]Figure 1	Example of the downlink multi-TB transmission.



[bookmark: _Ref31362905]Figure 2	Example of the uplink multi-TB transmission.

2.2	Coexistence of NPUSCH and NR
Another open issue is whether to define new NPUSCH demodulation requirements in the case of coexistence with NR. In Rel-16, RAN1 has introduced the symbol-level, subframe-level, and slot-level UL resource reservation considering the coexistence with NR with SCS=15/30kHz. 
When the network configures the UL resource reservation, if a subframe is reserved, NPUSCH transmission is postponed until the next non-reserved NB-IoT UL subframe. This is similar to the case of TDD or UL gaps during the long continuous uplink transmission. If a part of subframe is reserved, i.e., symbol-level or slot-level UL resource reservation, on the other hand, the corresponding SC-FDMA symbols are dropped. This means the number of NPUSCH symbols are reduced. 
	NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.
· NB-IoT transmission is dropped for symbol-level reserved resources.
· NB-IoT transmission is dropped for slot-level reserved resources.
· NB-IoT transmission is postponed for subframe-level reserved resources.



RAN1 also agreed that the DMRS symbols are dropped when the corresponding symbols are reserved for the slot-level UL resource reservation, although DMRS can be reserved for the symbol-level UL resource reservation.
	· For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped. (for 15kHz)
· For symbol-level reservation in UL NB-IoT, DMRS symbols can be reserved



The UL reservation pattern is signaled as a bitmap via the system information parameters [3].
RAN4#94-e discussed the performance impact due to the drop of SC-OFDM symbols by the slot-level UL resource reservation. We should point out firstly that the impact depends on both the NPUSCH configuration and UL resource reservation configuration. Consider NPUSCH format 1 is configured with 15kHz, 12 tones, 1 RU, and no repetition. If one of the UL slots is reserved, then half of symbols are dropped, and we expect huge performance impact. On the other hand, consider NPUSCH format 1 is configured with 15kHz, 1 tone, 10 RUs, and 128 repetitions. If one UL slot is reserved over 160ms, only 1 of 320 slots (=160 subframes) is dropped, and we think the impact to the performance is negligible. 
It is also important to note the network can control both UL resource reservation and NPUSCH format 1 configuration/scheduling. This means the network can make the UL performance impact as minimum as possible by itself.
Observation: Network should be able to schedule the symbol-/slot-level reservation to minimize the performance degradation due to the drop of DMRS/NPUSCH symbols.
Considering the observation, we don’t think it is necessary to define NPUSCH demodulation requirements with the slot-level UL resource reservation.
Proposal 3: RAN4 does not define new NPUSCH format 1 performance for coexistence of NB-IoT and NR.
3	Summary
Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.
Observation: Network should be able to schedule the symbol-/slot-level reservation to minimize the performance degradation due to the drop of DMRS/NPUSCH symbols.
[bookmark: _GoBack]Proposal 3: RAN4 does not define new NPUSCH format 1 performance for coexistence of NB-IoT and NR.
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Appendix	[3]
NR-ResourceReservationConfig-NB information element
-- ASN1START

NR-ResourceReservationConfig-NB-r16::=	SEQUENCE {
	release					NULL,
	setup					SEQUENCE {
		periodicity-r16				ENUMERATED {ms10, ms20, ms40, ms80, ms160, spare3, spare2,
												spare1},
		startPosition-r16			INTEGER (0..15),
		resourceReservation-r16		CHOICE {
			subframeBitmap-r16			CHOICE {
				subframePattern10ms			BIT STRING (SIZE (10)),
				subframePattern40ms			BIT STRING (SIZE (40))
			},
			slotConfig-r16				SEQUENCE {
				slotBitmap-r16				CHOICE {
					slotPattern10ms				BIT STRING (SIZE (20)),
					slotPattern40ms				BIT STRING (SIZE (80))
				},
				symbolBitmap-r16			CHOICE {
					symbolBitmapFddDl-r16		SEQUENCE {
						symbolBitmap1				BIT STRING (SIZE (5))	OPTIONAL,
						symbolBitmap2				BIT STRING (SIZE (5))	OPTIONAL
					},
					symbolBitmapFddUlOrTdd-r16	SEQUENCE {
						symbolBitmap1-r16			BIT STRING (SIZE (7))	OPTIONAL,
						symbolBitmap2-r16			BIT STRING (SIZE (7))	OPTIONAL
					}
				}
			}
		}
	}
}

-- ASN1STOP

	NR-ResourceReservationConfig field descriptions

	periodicity
Periodicity of the reserved resource. Value ms10 corresponds to 10 milliseconds, value ms20 corresponds to 20 milliseconds, and so on.

	slotPattern10ms, slotPattern40ms
For FDD: Downlink slot-level resource reservation configuration over 10ms or 40ms.
Parameter slot-reserved-resource-config-DL in TS 36.211 [21] and TS 36.213 [23]
The first/leftmost 2-bits corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Two bits for each subframe coded as:
00: both slots are not reserved
01: the first slot is not reserved, the second slot is reserved
10: the first slot is reserved, the second slot is not reserved
11: both slots are reserved

	startPosition
Start time of the resource reservation pattern in one period. Unit in multiple of 10 milliseconds. 
E-UTRAN configures the value of startPosition such as startPosition * 10 < periodicity.

	subframePattern10ms, subframePattern40ms
For FDD: Downlink subframe-level resource reservation configuration over 10ms or 40ms. 
Parameters valid-subframe-config-DL in TS 36.211 [21] and TS 36.213 [23]. 
The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Value 0 indicates that the corresponding subframe is not reserved, value 1 indicates that the corresponding subframe is reserved.

	symbolBitmap
Provides the symbol-level resource reservation for one subframe.
E-UTRAN configures symbolConfigFddDl for a DL FDD NB-IoT carrier.  E-UTRAN configures symbolConfigFddULOrTdd for an UL FDD NB-IoT carrier or a TDD NB-IoT carrier.

	symbolBitmapFddDl
For FDD: Downlink symbol-level resource reservation over the first or the second slot of one subframe, see TS 36.211 [21]. 
The first/leftmost bit corresponds to the symbol #0 in the slot. Value 0 indicates that the corresponding symbol is not reserved, value 1 indicates that the corresponding symbol is reserved. Symbols that carry NRS are not reserved.

	symbolBitmapFddUlOrTdd
For FDD: Uplink symbol-level resource reservation over the first or the second slot of one subframe, see TS 36.211 [21]. 
For TDD: Uplink or downlink symbol-level resource reservation over the first or the second slot of one subframe, see TS 36.211 [21]. 
The first/leftmost bit corresponds to the symbol #0 in the slot. Value 0 indicates that the corresponding symbol is not reserved, value 1 indicates that the corresponding symbol is reserved. Symbols that carry NRS are not reserved.
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