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1. Introduction
RAN3 has been investigating the functional split between Central-Unit (CU) and Distributed-Unit (DU) for NR. In [1], all the possible split options are captured as below:
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In last meeting, some justifications for some options were provided. For example, we provided [2] justifying option 2, 3, 6, 7. However, to concentrate on building up two justification TPs for option 2, option 3[3] and option 7[4], justification for other options were not captured. However, option 6 seems to be also highly beneficial as described in [2]. So it should be the candidate for functional split options. Furthermore, considering option 7 further, a new preferable option is identified from required fronthaul BW point of view.
In this paper, we provide a TP for justifying option 6 and option 7-3 (new option) against other options with the refinement of justification for option 7. 
2. Discussion
2.1. Justification for Option 6

In [1], the justification of option7 are described in terms of (1) required fronthaul bandwidth, (2) ability to perform joint processing, (3) support of centralized scheduling and (4) advanced receivers, as follows.

“Option 7

-
Compared to Option 8 this option is expected to reduce the fronthaul requirements in terms of throughput [details are FFS]. 

-
It is expected to be able to maintain the ability to perform joint processing (both transmit and receive) across multiple TPs

-
Compared to higher splits (i.e. options 1-4) the option has the advantage of supporting centralized scheduling, e.g. CoMP.

-
Option 7.1 allows the implementation of advanced receivers”
Below, Option 6 is described in terms of the same 4 aspects. 

(1) Required fronthaul bandwidth

The payload for Option 6 is transport block bits, whereas the payload for option 7-1 and 7-2 is frequency domain quantized IQ data. With an assumption of 256QAM modulation and IQ bitwidth of 2*10bit, the required bandwidth for the data part of  option 6 is less than that for option 7-1/7-2 by the factor of   2.25 times (2*10/8). (Note that actual required IQ bitwidth for option7-1/7-2 could be larger than 10 bits and should be determined via proper study.). Therefore, comparing Option 7-1 and Option 7-2, Option 6 has the advantage to reduce required fronthaul bandwidth. 
(2) Ability to perform joint processing
Joint Transmission is possible. But Joint Reception is not possible as CU receives decoded data.
(3) Support of centralized scheduling
Centralized scheduling is also possible for Option 6 as MAC is in CU.
(4) Advanced receivers
To support advance receiver (e.g. SIC) with Option 6, decoded transport blocks have to be forwarded among DUs (i.e. over fronthaul via CU) and could be complex. Thus Option 7 is more straightforward for the implementation of advance receiver.
Thus as summary, we can obtain following observation.

Observation: Option 6 has following “Benefits and Justification” against other options

-
Compared to Option 7-1 and 7-2, this option is expected to reduce the fronthaul requirements in terms of throughput as the payload for Option 6 is transport block bits, whereas the payload for Option 7-1 and 7-2 is frequency domain quantized IQ data.
-
Similar to Option 7, Joint Transmission is possible with this option (whereas it is not possible for Options 1-4).
-
Similar to Option 7, centralized scheduling is possible for Option 6 as MAC is in CU (whereas it is not possible for Options 1-4).
Proposal1: “Benefits and Justification” of Option 6 should be captured in TR as proposed in section 4
2.2. Description and Justification for Option 7-3

In the DL direction, a higher split in intra PHY where only the encoder resides in CU and the rest of the PHY functionalities reside in DU can reduce required fronthaul BW compared to Option 7-1/7-2. The payload for Option 7-3 is encoded data bits and the peak required fronthaul BW is the same as that for Option 6. Thus it is proposed to also capture this split as Option 7-3.

Option7-3(Only for DL)
Description:
Only the encoder resides in the CU, and the rest of PHY functions reside in the DU. 

Benefits and Justification
-
Compared to Option 7-1 and 7-2 this option is expected to reduce the fronthaul requirements in terms of throughput as the payload for Option 7-3 is encoded data bits and the peak required fronthaul BW is the same as that for Option 6.
Proposal2: Option7-3 should be captured in TP as proposed in section 4
3. Conclusion

In this paper, we provide a TP for justifying option 6 and option 7-3 (new option) against other options with the refinement of justification for option 7. 

Proposal1: “Benefits and Justification” of Option 6 should be captured in TR as proposed in section 4
Proposal2: Option7-3 should be captured in TP as proposed in section 4
4. Text Proposal
-------------------------------------------------Unchanged sections omitted------------------------------------------------------

6.1.2.1.1
Justification and Detailed Description of Candidate Split Options
-------------------------------------------------Unchanged sections omitted------------------------------------------------------

6.1.2.2.6
Option 6 (MAC-PHY split)

Benefits and Justification: 
-
Compared to Option 7-1 and 7-2, this option is expected to reduce the fronthaul requirements in terms of throughput as the payload for Option 6 is transport block bits, whereas the payload for Option 7-1 and 7-2 is frequency domain quantized IQ data.
-
Similar to Option 7, Joint Transmission is possible with this option (whereas it is not possible for Options 1-4).
-
Similar to Option 7, centralized scheduling is possible for Option 6 as MAC is in CU (whereas it is not possible for Options 1-4). 
6.1.2.2.7
Option 7 (intra PHY split)

Description:Multiple realizations of this option are possible, including asymmetrical options in which one sub-option (e.g. Option 7-1) is used in the UL and another sub-option (e.g. Option 7-2) is used in the DL. A compression technique may be able to reduce the required transport bandwidth between the DU and CU.

In the UL, FFT, and CP removal reside in the DU. Two sub-variants are described below. Remaining functions reside in the CU. 

In the downlink, iFFT and CP addition reside in the DU. Three sub-variants are described below. The rest of the PHY resides in the CU.
Benefits and Justification (common among Option 7-1, 7-2 and 7-3):
-
Compared to Option 8 these options are expected to reduce the fronthaul requirements in terms of throughput [details are FFS].

-
Centralized scheduling is possible as MAC is in CU (whereas it is not possible for Options 1-4). e.g. CoMP

-
Joint processing (both transmit and receive) is possible with these options (whereas JT is not possible for Options 1-4 and JR is not possible for Options 1-6.
Option 7-1

Description:
In the UL, FFT, CP removal and possibly PRACH filtering functions reside in the DU, the rest of PHY functions reside in the CU.  The details of the meaning of PRACH filtering are FFS.   

In the DL, iFFT and CP addition functions reside in the DU, the rest of PHY functions reside in the CU.
Benefits and Justification:
-
Allows the implementation of advanced receivers
Option 7-2

Description:
In the UL, FFT, CP removal, resource de-mapping and possibly pre-filtering functions reside in the DU, the rest of PHY functions reside in the CU.   The details of the meaning of pre-filtering are FFS.   

In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the DU, the rest of PHY functions reside in the CU.

It is a requirement that both options allow the optimal use of advanced receivers. Whether or not these variants meets this requirement is FFS.

Option 7-3(Only for DL)
 Description:
Only the encoder resides in the CU, and the rest of PHY functions reside in the DU. 

Benefits and Justification
-
Compared to Option 7-1 and 7-2 this option is expected to reduce the fronthaul requirements in terms of throughput as the payload for Option 7-3 is encoded data bits and the peak required fronthaul BW is the same as that for Option 6.





-------------------------------------------------Unchanged sections omitted------------------------------------------------------
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