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Introduction
According to the instruction given by RAN1 Chairmen, the scope of this sub-agenda includes:
· Numerologies,
· Bandwidths,
· Multiple Access,
· Waveform,
· Modulation, and
· Coding. 
Numerologies: Time units 
R2D time units
There are two kinds of time units in NR specifications. One is the basic time unit defined as Tc which corresponds to the minimum sampling interval (the highest sampling rate). The other one is time units main for resource allocation and time framework determination, such as symbol, slot, subframe and frame.
In FL summary for last RAN1 meeting [1], there are two proposals related to R2D time units:
	Proposal 2.7.2a(I): For R2D study with reuse of NR OFDM transmitter, the basic time unit of DL Tc reuses the definition in NR from the Reader perspective. FFS from device perspective.
Proposal 2.7.2b(I): In R2D, the smallest unit of resource allocation is a chip i.e., a duration equal to a reference duration of a line code.



· Basic time unit
In our understanding, the intention of the first proposal is unclear and the necessity to define a time unit equivalent to Tc in NR is unclear as well, at least for now. In NR there are several numerologies, from 15kHz to 960kHz. To support the flexibility and the compatibility of all of these subcarrier spacings, Tc is defined. However, the situation in AIoT may be different. AIoT is expected to be a very simple system. It is hardly to support very flexible numerologies. Why a basic time unit similar to Tc is needed is unclear. Even if it is needed, why the value equals the sampling duration corresponding 960kHz-SCS in OFDM is unclear. More clarifications are necessary for further progress.
Besides, the sampling rate is relevant to the bandwidth and the date rate. Both of them are not concluded yet. Even if a basic time unit is really needed to be defined as a reference to the reader, the discussion on data rate and bandwidth should go first.
Observation 1: 
· The necessity to define a basic time unit similar to the basic time unit defined in NR is unclear.
· The relevant discussion should be postponed till conclusions on data rate and bandwidth are made.

· Time unit for resource allocation
The second proposal is acceptable in principle. That is, a chip could be the smallest unit of resource allocation and the chip is relevant to a line code.
The problem may be how to define a chip. The definition of a chip is not straight forward, because the length of a chip of line code is highly possible to be variable/unequal, according to the existing conclusions/agreements. For example, line code PIE is still on the candidate list which has unequal chips for bit 0 and bit 1, and how to handle the impact of CP on the length of chip is not clear. Perhaps, this is what the FL tried to resolve by using ‘reference duration’ in proposal 2.7.2 (b). However, this is likely using one unclear point (‘reference duration’) to explain another unclear point (‘chip’). It does not work. Before a common sense on what is ‘reference duration’ reaches among companies, the proposal seems not acceptable.
Observation 2: The length of a chip of line code is highly possible to be variable/unequal, according to the existing conclusions/agreements. 
· Line code PIE is still on the candidate list which has unequal chips for bit 0 and bit 1. 
· How to handle the impact of CP on the length of chip is not clear.
D2R time units
In FL summary [1], there is a proposal about D2R time units: 
	Proposal 3.3b(II): In D2R, the smallest unit of resource allocation:
· If a line code is used, is a chip i.e., a duration equal to a reference duration of the line code.
· If no line code is used, is FFS.



It is premature to discuss the smallest D2R time unit for resource allocation, because we have not concluded that line code would be always supported in D2R link. 
The concept of ‘chip’ in D2R link is even more unclear than the ‘chip’ in R2D link. 
For R2D link, line code is necessary to enhance the demodulation performance and, perhaps, to assist the synchronization obtaining at device side. Line code is a good choice for devices equipped with limited hardware. 
On the other hand, for D2R link, the necessity of line code is worth discussing. The reader can adopt coherent detection for decoding/demodulating D2R signal. That is, the reader is able to get the timing of the devices without line code. Besides, compared with channel coding, such as CC, whether line code is such good that it deserves a cost of ½ code rate (double overhead) requires further study/discussion.
If line code is not adopted or optionally adopted, whether and how to define ‘chip’ for D2R link is unclear.
Observation 3: Now it is premature to discuss the smallest D2R time unit for resource allocation, since no conclusion is made on whether/how to adopt line code in D2R link.
CRC
In last meeting, following agreement is achieved:
	Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212



To purpose to insert a group of CRC bits after a block of information bits is to let the receiver be able to determine whether the received information block is correct, or any error occurs in it. CRC code can only be used for error detection but cannot be used for error correction which is different from channel codes have (e.g. CC, turbo code, LPDC, polar codes etc.).
The more the CRC bits are, the better capability of error check is provided. However, the more utilized CRC bits, the higher probability of wrong reception of the overall bit block (information bits + CRC bits).
This is because that CRC bits can also be the reason of the reception failure of the whole transmitted bit block. For example, an information block comprises N information bits. If the error probability of one transmitted bit is p, the probability of correctly decoding the whole block would be (1-p)N. If M CRC bits are attached to the N-bit information block, the probability of correctly decoding the whole block becomes (1-p)N+M. Because p is smaller than or equal to 1 and both M and N are positive integers, the probability (1-p)N must be larger than (1-p)N+M. In another word, the occurrence of CRC bits decreases the probability of correct reception of the overall block.
Hence, the ratio of CRC bits to information bits should be a balance of the advantage and disadvantage of CRC bits.
Observation 4: The ratio of CRC bits to information bits should be a balance of the advantage and disadvantage of CRC bits.
· Advantages:
· The more utilized CRC bits, the better capability of error check.
· Disadvantages:
· The more utilized CRC bits, the higher probability of reception failure of the overall bit block.
· The overhead of CRC bits decreases the resource efficiency (the spectrum efficiency).
Proposal 1: 
· If message size < X1, no CRC is used, 
· If X1  message size  X2, CRC-6 is used, and 
· If message size > X2, CRC-16 is used.
· FFS: X1, X2

FEC / repetition
Regarding to repetition, it is clear that the benefit of repetition comes from soft decision of bits and combination of multiple repetitions. This is because soft decision is based on probability. The accumulation of probabilities makes sense. For example, 
· Soft decision of bits is adopted. In the initial transmission, a bit is decided to 0.8 by the receiver. In the repetition, the bit is ‘soft’ decided to -0.1. The receiver combines these two results together and get the final result as 1 (0.8-0.1 =0.7>0).
· If soft decision is not adopted but hard decision is applied instead, the results could be different. In the initial transmission, the bit is ‘hard’ decided as 1 (0.8>0). In the following repetition, the bit is ‘hard’ decided as -1 (-0.1<0). The combination must be 1-1 =0 which means the bit finally becomes unknown at the receiver.
Observation 5: The benefit of bit/chip level repetition requires soft decision and combination. 
Repetition in D2R
In last meeting, following agreement was reached.
	Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.


This agreement makes sense. The reader is able to adopt soft decision and combination.
Besides, the original proposal in FL summary is 
	Proposal 3.4a(II): Study D2R transmission in the physical layer using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.
· NOTE: Discussions regarding higher-layer repetitions are up to RAN2.



Observation 6: Repetition in D2R may be beneficial due to the fact that the reader can support soft decision and combination. 



Figure 1 An example of chip-level repetition and bit-level repetition in D2R link.

Besides, the exact meaning of bit level repetition and chip level repetition should be clarified. Our understanding is given in Figure 1.
If the understanding given in Figure 1 is correct, the chip level repetition is the same with direct decreasing chip rate or lengthening the duration of chip. If this is the case, only bit-level repetition is considered in this SI.
Proposal 2: Study D2R bit-level repetition only in AIoT SI.
Repetition in R2D
AIoT devices cannot make soft decisions for received bits (calculate the probability of a receive bit rather than decide it is bit 0 or bit 1 directly). Hence, theoretically speaking, there will be no benefit from bit(/chip) level repetition compared with directly decreasing data rate.
Proposal 3: Do not consider/support bit/chip-level repetition in R2D.
D2R modulation
In FL summary, there is a proposal:
	Proposal 3.2b(II): Study assumes double sideband (2SB) transmission for D2R.



Device 1 may not afford the cost to support SSB. To generate SSB signal, an additional filter or an additional BB processing, such as Hilbert transform, would be required. Either of them cannot be afforded by Device 1, due to the limitation of cost budget. 
Hence, although SSB can provide better spectrum efficiency than that of DSB, Device 1 can hardly support it. For Device 2a/2b, SSB can be further studied.
Proposal 4: For modulation of D2R, DSB (2SB) is the basic assumption for all types of devices.
· FFS: SSB for device 2a/2b

Conclusion
In this contribution, following the clues left in FL summary for previous RAN1 meeting, we consider some general aspects of AIoT. We have following observations and proposals:
Proposal 1: 
· If message size < X1, no CRC is used, 
· If X1  message size  X2, CRC-6 is used, and 
· If message size > X2, CRC-16 is used.
· FFS: X1, X2
Proposal 2: Study D2R bit-level repetition only in AIoT SI.
Proposal 3: Do not consider/support bit/chip-level repetition in R2D.
Proposal 4: For modulation of D2R, DSB (2SB) is the basic assumption for all types of devices.
· FFS: SSB for device 2a/2b

Observation 1: 
· The necessity to define a basic time unit similar to the basic time unit defined in NR is unclear.
· The relevant discussion should be postponed till conclusions on data rate and bandwidth are made.
Observation 2: The length of a chip of line code is highly possible to be variable/unequal, according to the existing conclusions/agreements. 
· Line code PIE is still on the candidate list which has unequal chips for bit 0 and bit 1. 
· How to handle the impact of CP on the length of chip is not clear.
Observation 3: Now it is premature to discuss the smallest D2R time unit for resource allocation, since no conclusion is made on whether/how to adopt line code in D2R link.
Observation 4: The ratio of CRC bits to information bits should be a balance of the advantage and disadvantage of CRC bits.
· Advantages:
· The more utilized CRC bits, the better capability of error check.
· Disadvantages:
· The more utilized CRC bits, the higher probability of reception failure of the overall bit block.
· The overhead of CRC bits decreases the resource efficiency (the spectrum efficiency).
Observation 5: The benefit of bit/chip level repetition requires soft decision and combination.
Observation 6: Repetition in D2R may be beneficial due to the fact that the reader can support soft decision and combination.

Reference
[1]. [bookmark: _Ref165985018]R1-2403679, Feature Lead Summary #4 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”, Moderator (Huawei), 3GPP TSG RAN1 #116bis, Changsha, China.
2

image1.emf
A bit

A chip

Single 

transmission

Bits: [01]

Chips: [0110]

Bit-level 

repetition

Bits: [0011]

Chips: [01011010]

Chip-level 

repetition

Bits: [01]

Chips: [00111100]


oleObject1.bin
A bit


A chip


Single transmission


Bits: [01]
Chips: [0110]


Bit-level repetition


Bits: [0011]
Chips: [01011010]


Chip-level repetition


Bits: [01]
Chips: [00111100]



