3GPP TSG RAN WG3 Meeting NR AH#2
R3-1702287
Qingdao, China, 27th to 29th, June 2017
Agenda item:

11.1
Source:
Intel Corporation

Title:
Further details on option 7
Document for:

discussion
1  Introduction
During the NR SI, RAN3 have discussed (among other things) the topic of the low level CU-DU RAN functional split. As this topic was not sufficiently studied at the time, a new follow up SI on CU-DU lower layer split for NR was approved in RAN#75[2], which has followings objective:
	The study is to be carried out as follows:

1. Continue to further study on CU-DU lower layer split architecture [starting from June 2017 RAN3 NR Adhoc meeting]
2. The study should attempt to:
a) Identify functionalities and their distribution between CU and DU based on NR.

b) Develop the evaluation criteria and compare among potential options potentially to down select the CU-DU lower layer split options to consider for further study, where the down selection should target to select  option(s) from Option 6, Option 7 families (as captured in TR 38.801 [3]) for the downlink and the uplink (different Options may be selected for downlink and uplink).
c) Conclude on the feasibility of defining a standard interface for CU-DU lower layer split.


Since the present SI is effectively a continuation of the previous study, we suggest to restart from where we stopped in the NR SI phase. In particular, this means that we should use the relevant sections from the TR 38.801[1] as a baseline. We can further discuss whether to continue using the TR 38.801 [1] or create a new TR, however it is important not to lose the progress we’ve made in the NR SI and therefore, regardless of the way we chose to capture the progress in the present SI, we should build upon what we’ve achieved as captured in the TR 38.801 [1].

Proposal 1：it is proposed to use TR38.801 low layer split related section as baseline for the current CU/DU low layer split study
In this contribution we provide further details for the L1 function blocks for low layer split, in particular split options 7-1 and 7-2 which were not described in 38.801 in sufficient level of detail, and propose to add those to the new TR. 
NOTE: we chose to provide further details for option 7 primarily because this option is the one which lacks important details; having said that, we acknowledge that other options can also benefit from further study and additional detail in their description.
2  Discussion

The RAN3 TR 38.801[1] captures the three options for CU-DU intra PHY split. The description is rather superficial and many details are missing, however taking into account information from the RAN3 TR 38.801, the RAN1 TR 38.802 and various discussion papers presented in the past (e.g. [3] and [4]), the layer 1 basic function block diagrams can be summarized in the following figure, also showing  the three intra PHY split options.
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Figure 1 intra PHY function split options
An analog beam forming function was introduced during the study on New Radio Access Technology physical layer aspect [6]. As beamforming is new compared to LTE, we suggest to add beamforming function blocks to the PHY diagram above.  . For digital beam forming, we believe its functions could be considered a subset of the DL precoding and UL pre-filtering function, so we didn’t add it to the diagram. Whether or not to consider digital beamforming function in the intra-PHY split discussion is something that we can clarify with RAN1 (e.g. via LS), but for now it can be considered FFS.

For UL, the PRACH subcarrier spacing is different to data symbol, therefore we  need a PRACH filter before correlation, therefore we propose to add PRACH processing block as suggested in [3]. The L1 processing for PRACH includes PRACH filter, correlation and peak detection.

As SRS data will is needed for scheduler and possibly for DL precoding and UL pre-filtering generation, therefore it is important to also add a SRS block. 
Observation 1: SRS and analog beamforming are missing in the L1 model considered so far in the intra-PHY split discussion.
Based on considerations above, we propose to amend the NR L1 model as shown in the Figure 2 below, where new blocks are shown in green. 
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Figure 2 new diagram for intra PHY function split options
Proposal 2：it is proposed to adopt the L1 model with SRS and analog beamforming in Figure 2 for the purpose of the intra-PHY split discussion
In the remaining parts of the contribution we provide additional details for the intra PHY option 7-1 and 7-2 based on the L1 model described above.
2.1 Intra-PHY split option 7-1
The following description of the option 7-1 is currently captured in TR38.801:
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 were not discussed in the study phase.   

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

We think that the PRACH filter is not defined clearly enough.
Observation 2: PRACH filter in the split option 7-1 is not clearly defined
We propose the following definition. The PRACH filter includes three function blocks: antenna data combination or selection, CP remove, and a decimation filter + smaller size FFT or a large FFT + PRACH subcarrier selection.
Proposal 3: it is proposed to adopt the following PRACH filter definition: the PRACH filter includes three function blocks,: antenna data combination or selection, CP remove, and a decimation filter + smaller size FFT or a large FFT + PRACH subcarrier selection. 
2.2 Intra-PHY split option 7-2

The following description of the option 7-2 is currently captured in TR38.801:
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 were not discussed in the study phase.   

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

We think that pre-filtering is not defined clearly enough.
Observation 3: Pre-filtering in the split option 7-2 is not clearly defined
The motivation for pre-filtering here is to compress the receiving data from antenna port number dimension to user stream number based on channel information, which is symmetric with DL precoding. 
Assuming the pre-filtering matrix is H*, which dimension is [Nl * Np], Np is the number of receiving antenna port at the DU, Nl is number of layers. Here H is the UL channel matrix (it could be from DMRS estimation or SRS estimation, or some other means).
The pre-filtering is to multiply the data with the pre-filtering matrix as follows:

Yprefiltered = H*Y

Here Y is the frequency domain signal after FFT/CP remove module.
Thus the dimension of the receiving data is changed from Np to Nl streams. Channel estimation on the pre-filtered channel can be conducted afterwards.
Proposal 4: it is proposed to adopt the pre-filtering description provided above
3 Conclusions and proposals
This paper describs the function blocks for intra PHY split option 7-1 and 7-2, provides a diagram for the PHY modelt, and concludes with the observation and proposal as follows:

Observation 1: SRS and analog beamforming are missing in the L1 model considered so far in the intra-PHY split discussion.

Observation 2: PRACH filter in the split option 7-1 is not clearly defined
Observation 3: Pre-filtering in the split option 7-2 is not clearly defined
Proposal 1：it is proposed to use TR38.801 low layer split related section as baseline for the current CU/DU low layer split study
Proposal 2：it is proposed to adopt the L1 model with SRS and analog beamforming in Figure 2 for the purpose of the intra-PHY split discussion

Proposal 3: it is proposed to adopt the following PRACH filter definition: the PRACH filter includes three function blocks,: antenna data combination or selection, CP remove, and a decimation filter + smaller size FFT or a large FFT + PRACH subcarrier selection.
Proposal 4: it is proposed to adopt the pre-filtering description provided above

A text proposal based on the above is provided in [7].
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