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1. Introduction

RAN3 sent an LS to RAN1 in [1] where the following NR L1 processing chains for DL and UL was submitted to RAN1 for feedback. 
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The actions on RAN1 were as follows:
ACTION: RAN3 requests RAN1 to provide following feedback on the figures above:
1) Which functions have been discussed and agreed for NR in RAN1?

2) What are the possible implementation variations (presence, order and implementation dependency of the function blocks)?

3) Where would fronthaul bandwidth dependency change between number of transmission layers and number of antenna ports?
4) Clarify whether the figure above is accurate and provide amendments and further clarifications (if any)
RAN1 reply to RAN3 LS in a document in [2]. This paper analyses RAN1’s replies and lays out conclusions that can be derived from their feedback.
2. Analysis of RAN1 Reply LS 
Below are reported the answers from RAN1 to the questions RAN3 posed in [1]. An analysis of each answer is provided and conclusions are derived accordingly.
(Q1) Which functions have been discussed and agreed for NR in RAN1?
RAN1 would like to highlight that RAN1 only specifies what UEs can expect for the transmitted downlink signal, and what signals the UEs are allowed to transmit in the uplink. RAN1 specifications do not deal with any base station receiver functionality. Regarding the base-station transmitter-side functionality outlined in the RAN3 LS, it aligns well with the processing steps envisioned by RAN1 as one possible implementation for NR. Note though that future 3GPP work, including extended focus on new types of services such as mMTC may impact the functionality of the physical layer, including rearrangement of functionality as well as adding new functional blocks. 

Regarding the block diagram provided by RAN3, RAN1 would like to specifically point out that beam-forming, including the open-loop beam-forming, e.g., precoder cycling, and analog beam-forming, will largely be a specification-transparent functionality that may be implemented at different places within the sequence of transmitter steps. Furthermore, RAN1 specifications do not deal with the base station receiver-side functionality, RAN1 cannot provide formal answers on the receiver-side functionality outlined in the RAN3 LS, although, the outlined processing steps are one possible implementation.

RAN1 specifications are not aiming at specifying a functional block description of the L1, but rather they outline the downlink signals towards the UE and the UL signals the UE is supposed to produce.

RAN1 states that the receiver functionalities are not specified and left to implementation. This is due to allowing freedom to adapt and innovate via different designs as long as the receiver is compatible with the signals uplinked by the UE. 

With regards to the transmitter functionalities, RAN1 has structured its specifications so that some form of functionalities description will be added. However, detailed function description and function block chain order is not assumed to be specified. For this RAN1 states that the transmitter function chain described by RAN3 is one possible implementation of what can be achieved within RAN1 specification compliance. Namely, multiple other implementations are possible.

RAN1 also states that the functionalities of the L1 may be impacted in the future by newly introduced features. In order to support such features L1 functions and their function chain order may require changes. 

In summary RAN1 highlights that it is not planned to describe in their specifications an NR L1 processing chains for DL and UL and that this is largely left to implementation due to the possibility to adapt to new requirements, scenarios and features.

It can therefore be concluded from RAN1’s answer that it is not possible to unequivocally define a functional structure for L1 and that at best it is possible to identify possible implementations of how the L1 function chain can be realised. Such arrangement is purposely targeted to enable L1 design flexibility.

Conclusion 1: The standard does not provide a description of L1 functions and function chain order. Such details are purposely left to implementation to guarantee L1 design flexibility. Therefore, it is only possible to describe L1 implementation alternatives.
 (Q2) What are the possible implementation variations (presence, order and implementation dependency of the function blocks)?
As mentioned above, RAN1 acknowledges the outlined block diagram by RAN3 as one possible implementation, i.e. there may be different variations. 

Especially RAN1 would like to point out the following: 

· Regarding the receiver processing chain, IDFT block doesn’t exist when CP-OFDM is applied for UL transmission. It should be noted that the uplink waveform can vary per UE, and different PUCCH formats may be transmitted with different waveforms

· In the UL-L1, the receive path may not be linear as the figure in appendix suggests. It is possible to use iterative reception (such as SIC or Turbo Equalization), where the data might be moved back and forth between 1 or more functional blocks multiple times.
In their second reply RAN1 re-iterates that the functional model presented by RAN3 is only one of many possible implementations. They also point out at some examples describing how the functional block chain may vary e.g. on a per UE and per UL transmission mode.

One interesting observation regarding the receive path is that its design may not consist of information flowing linearly from one function to another. Instead, information can be exchanged multiple times between different L1 functions.

In conclusion, the answer from RAN1 implies that it is not possible to unequivocally identify the set of information that might be exchanged over a low layer split interface. Given the multiple possible implementations and given the variability of such information with transmission modes, it can be concluded that it is not feasible to define a low layer split interface that can support all implementation and transmission modes options.

Conclusion 2: due to the variability of L1 functions in the L1 processing chain and due to the non linearity of information flow between function blocks, it is not feasible to define a low layer split interface that can support all possible implementations and transmission modes 

(Q3) Where would fronthaul bandwidth dependency change between number of transmission layers and number of antenna ports?
For the DL, fronthaul bandwidth depends on implementation of Pre-coding and Digital BF. As an example, if DL digital spatial weight is applied only in the Pre-coding block, the numbers of signal dimension are transmission layers and antenna ports before and after the Pre-coding block, respectively. As another example, if DL digital spatial weight is applied in both of the Pre-coding and Digital BF block, the numbers of signal dimension are transmission layers before the Pre-coding and antenna ports after the Digital BF blocks. In this case, the signal dimension between Pre-coding and Digital BF is up to gNB implementation. Similarly, the UL is up to gNB implementation. 

In their answer 3 RAN1 highlights that it is up to implementation how much fronthaul bandwidth it will be required for any possible low layer split. This derives for example from the fact that the point where the fronthaul bandwidth dependency changes from transmission layers to antenna ports varies on the implementation (i.e., on whether the DL digital spatial weigh is applied only in the Per-coding block or also to the Digital BF block). In light of that, and if an estimate of required bandwidth per low layer split wanted to be achieved, the only possibility seems to provide maximum bandwidth values that could embrace all possible implementations. It has to be noted however that such approach may be counterproductive when evaluating low layer split options and system requirements. For example, if such maximum values are used for transport network dimensioning, extra costs and over-dimensioning may be incurred.  Further it is difficult to state that a split option is better than another on the basis of such estimated bandwidth because optimal implementations may substantially reduce the bandwidth needed.

Conclusion 3: Due to the implementation dependent nature of fronthaul bandwidth for each low layer split it would only be possible to provide a maximisation of the required bandwidth per split. It is noted that using such bandwidth estimation for e.g. network dimensioning or split option selection may lead to inaccurate and erroneous choices 

(Q4) Clarify whether the figure above is accurate and provide amendments and further clarifications (if any)
See answers to Q1 and Q2. RAN1 does not have any specific suggestions for amendments at this stage.

In their fourth answer RAN1 simply re-state that the L1 processing chain presented by RAN3 is one of many possible implementations of the NR L1.

4
Conclusions
In this paper an analysis of the reply LS from RAN1 in [2] on the subject of “NR L1 processing chain” has been provided. From the analysis the following conclusions have been derived:
Conclusion 1: The standard does not provide a description of L1 functions and function chain order. Such details are purposely left to implementation to guarantee L1 design flexibility. Therefore, it is only possible to describe L1 implementation alternatives.
Conclusion 2: due to the variability of L1 functions in the L1 processing chain and due to the non linearity of information flow between function blocks, it is not feasible to define a low layer split interface that can support all possible implementations and transmission modes 

Conclusion 3: Due to the implementation dependent nature of fronthaul bandwidth for each low layer split it would only be possible to provide a maximisation of the required bandwidth per split. It is noted that using such bandwidth estimation for e.g. network dimensioning or split option selection may lead to inaccurate and erroneous choices 

It is proposed to agree to these conclusions and to capture the analysis of this paper in the following text proposal.
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4
Functionalities and distribution between lls-CU and lls-DU
Editors note: Corresponds to 2-a in SI objective
4.1
Analysis based on RAN1 feedback
In order to identify the functionalities and function distribution across different parts of a low layer split architecture, RAN3 agreed to send an LS to RAN1 in [ref to R3-173439]. In such LS an example of an NR L1 processing chain was shown and a number of questions were asked to RAN1. RAN1 responded in [ref to R1-1719203]. Below, the answers from RAN1 are reported together with an analysis and conclusions.
Question1 to RAN1:

(Q1) Which functions have been discussed and agreed for NR in RAN1?
Answer 1 from RAN1:

RAN1 would like to highlight that RAN1 only specifies what UEs can expect for the transmitted downlink signal, and what signals the UEs are allowed to transmit in the uplink. RAN1 specifications do not deal with any base station receiver functionality. Regarding the base-station transmitter-side functionality outlined in the RAN3 LS, it aligns well with the processing steps envisioned by RAN1 as one possible implementation for NR. Note though that future 3GPP work, including extended focus on new types of services such as mMTC may impact the functionality of the physical layer, including rearrangement of functionality as well as adding new functional blocks. 

Regarding the block diagram provided by RAN3, RAN1 would like to specifically point out that beam-forming, including the open-loop beam-forming, e.g., precoder cycling, and analog beam-forming, will largely be a specification-transparent functionality that may be implemented at different places within the sequence of transmitter steps. Furthermore, RAN1 specifications do not deal with the base station receiver-side functionality, RAN1 cannot provide formal answers on the receiver-side functionality outlined in the RAN3 LS, although, the outlined processing steps are one possible implementation.

Analysis:
RAN1 specifications are not aiming at specifying a functional block description of the L1, but rather they outline the downlink signals towards the UE and the UL signals the UE is supposed to produce.

RAN1 states that the receiver functionalities are not specified and left to implementation. This is due to allowing freedom to adapt and innovate via different designs so long as the receiver is compatible with the signals uplinked by the UE. 

With regards to the transmitter functionalities, RAN1 has structured its specifications so that some form of functionalities description will be added. However, a detailed function description and function block chain order is not assumed to be specified. For this RAN1 states that the transmitter function chain described by RAN3 is one possible implementation of what can be achieved within RAN1 specification compliance. Namely, multiple other implementations are possible.

RAN1 also states that the functionalities of the L1 may be impacted in the future by newly introduced features. In order to support such features, L1 functions and their function chain order may require changes. 

In summary RAN1 highlights that it is not planned to describe in their specifications an NR L1 processing chains for DL and UL and that this is largely left to implementation due to the possibility to adapt to new requirements, scenarios and features.

It can therefore be concluded from RAN1’s answer that it is not possible to unequivocally define a functional structure for L1 and that at best it is possible to identify possible implementations of how the L1 function chain can be realised. Such arrangement is purposely targeted to enable L1 design flexibility.

Conclusion 1: The standard does not provide a description of L1 functions and function chain order. Such details are purposely left to implementation to guarantee L1 design flexibility. Therefore, it is only possible to describe L1 implementation alternatives.
Question2 to RAN1:

(Q2) What are the possible implementation variations (presence, order and implementation dependency of the function blocks)?
Answer 2 from RAN1:

As mentioned above, RAN1 acknowledges the outlined block diagram by RAN3 as one possible implementation, i.e. there may be different variations. 

Especially RAN1 would like to point out the following: 

· Regarding the receiver processing chain, IDFT block doesn’t exist when CP-OFDM is applied for UL transmission. It should be noted that the uplink waveform can vary per UE, and different PUCCH formats may be transmitted with different waveforms

· In the UL-L1, the receive path may not be linear as the figure in appendix suggests. It is possible to use iterative reception (such as SIC or Turbo Equalization), where the data might be moved back and forth between 1 or more functional blocks multiple times.
Analysis:
In their second reply RAN1 re-iterates that the functional model presented by RAN3 is only one of many possible implementations. They also point out at some examples describing how the functional block chain may vary e.g. on a per UE and per UL transmission mode.

It is noted that the receive path may not consist of information flowing linearly from one function to another. Instead, information can be exchanged multiple times between different L1 functions.

In conclusion, the answer from RAN1 implies that it is not possible to identify unequivocally the set of information that might be exchanged over a low layer split interface. Given the multiple possible implementations and given the variability of such information with transmission modes, it can be concluded that it is not feasible to define a low layer split interface that can support all implementation and transmission modes options.

Conclusion 2: due to the variability of L1 functions in the L1 processing chain and due to the non linearity of information flow between function blocks, it is not feasible to define a low layer split interface that can support all possible implementations and transmission modes 

Question3 to RAN1:

(Q3) Where would fronthaul bandwidth dependency change between number of transmission layers and number of antenna ports?
Answer 3 from RAN1:

For the DL, fronthaul bandwidth depends on implementation of Pre-coding and Digital BF. As an example, if DL digital spatial weight is applied only in the Pre-coding block, the numbers of signal dimension are transmission layers and antenna ports before and after the Pre-coding block, respectively. As another example, if DL digital spatial weight is applied in both of the Pre-coding and Digital BF block, the numbers of signal dimension are transmission layers before the Pre-coding and antenna ports after the Digital BF blocks. In this case, the signal dimension between Pre-coding and Digital BF is up to gNB implementation. Similarly, the UL is up to gNB implementation. 

Analysis

In their answer 3 RAN1 highlights that it is up to implementation how much fronthaul bandwidth it will be required for any possible low layer split. In light of that, and if an estimate of required bandwidth per low layer split wanted to be achieved, the only possibility seems to provide maximum bandwidth values that could embrace all possible implementations. It has to be noted however that such approach may be counterproductive when evaluating low layer split options and system requirements. For example, if such maximum values are used for transport network dimensioning, extra costs and over-dimensioning may be incurred.  Further it is difficult to state that a split option is better than another on the basis of such estimated bandwidth because optimal implementations may substantially reduce the bandwidth needed.

Conclusion 3: Due to the implementation dependent nature of fronthaul bandwidth for each low layer split it would only be possible to provide a maximisation of the required bandwidth per split. It is noted that using such bandwidth estimation for e.g. network dimensioning or split option selection may lead to inaccurate and erroneous choices 

------------------------------------------------------Second Change------------------------------------------------------
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