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0. Introduction
In this meeting, RAN4 sends a LS to RAN1 asking for the clarifications of questions. The details are as below [1].
	In the WID on NR network-controlled repeaters (RP-222673), RAN4’s work focus on following objectives.
· Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
· Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
· Note: The existing requirements defined in RAN4 can be reused if applicable.
· Note: The work in RAN4 for beam related is expected to start on FR2 first.
At RAN4 #104bis e-meeting, RAN4 identified the following questions that need clarification from RAN1:
Question 1: whether NCR-MT part support any UL transmission? if there is any UL transmission, please show some information of UL transmission, e.g. is it PUCCH, PUSCH or SRS or some feedback for the PDSCH or control information?
Question 2:  RAN4 would like to check with RAN1 whether there is any concern to support the FR1 NCR beamforming? 

ACTION: 	RAN4 respectfully asks RAN1 to provide feedback on the above questions and any additional information that may help RAN4 understand RAN1’s reply.



12 contributions [2~13] have been received for the discussion on the reply to the RAN4 LS. Based on the contributions, the discussion and the response are drafted in the following sections. Companies are encouraged to provide views and updates for corresponding questions.

1. Discussion 
1.1. Discussion on Question 1
	Question 1: whether NCR-MT part support any UL transmission? if there is any UL transmission, please show some information of UL transmission, e.g. is it PUCCH, PUSCH or SRS or some feedback for the PDSCH or control information?



Most companies shared their views within their contributions on the Question 1 that according to the agreements in the RAN1 #110bis-e, NCR-MT supports UL transmissions. 

	The agreements in RAN1#110bis-e

Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
Note: This does not mean all legacy UE sounding procedure will be supported.



The views on the Question 1 seem to be convergent. The reply to the Question 1 is drafted according to the contributions. 

Proposal 1:
The draft reply to Question 1 is as below.

From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements from RAN1#110bis-e meeting.
	Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported.



Companies are encouraged to provide your views on Proposal 1 in the Table below. If it is not supported or you cannot live with it, please provide your views/reasons and the updates. 

	Company
	Support the proposal 1/ can live with it or not
	If it is not supported or live with it, please provide your views and updates.

	Nokia
	Support
	

	Samsung
	Support
	

	Lenovo
	Support.
	

	Ericsson
	Support
	

	Intel 
	Support
	

	LG
	Support
It would be better if it is noted that HARQ-ACK feedback transmissions for PDSCH is carried by PUCCH or PUSCH.
	

	Huawei, HiSilicon
	Support
	

	Apple
	Support
	

	ZTE
	Support
	

	CATT
	OK
	



If there is other information should be mentioned or added for the response to Question 1?
	Company
	If there is other information should be mentioned or added for the response to Question 1?
(Yes or No) 
	If the answer is yes, please provide details and the reasons.

	Nokia
	Yes
	We may additionally indicate that legacy uplink channels and signals are expected to be supported without NCR-specific enhancement.

	Samsung
	Yes
	If HARQ-ACK feedback for PDCCH carrying side control information is agreed to be supported, it can be added.

	Lenovo
	Yes
	There is an agreement related to CSI reporting for NCR-MT in RAN1#110bis-e. 

Agreement
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported. 
So we suggest also include CSI reporting in the LS. We understand that CSI reporting is carried by PUCCH or PUSCH, however, if HARQ-ACK need to be explicitly mentioned, we think CSI reporting should be mentioned as well.

Additionally, we also think PRACH is necessary to be transmitted by NCR-MT. Although we don’t have explicit agreement on PRACH, we think it is related to the architecture discussed in RAN2, and we think at least we should discuss this aspect.

	Intel 
	Yes 
	Maybe also include PRACH as suggested by Lenovo. In last RAN1 meeting, RAN1 discussed whether NCR-MT support legacy initial access procedure, it would be common understanding that legacy PRACH can be supported. 
Meanwhile, we also made agreement for CSI feedback. So, in addition to HARQ-ACK feedback for PDSCH, we can also mention CSI feedback. 
Also agree with Samsung, HARQ-ACK feedback for PDCCH can be added, if it is agreed in this meeting. 

	LG
	Yes (conditionally)
	If additional UL transmissions (e.g., PRACH) are agreed to be supported during this meeting, those also can be included in the answer.

	ZTE
	Yes
	We also think that HARQ-ACK feedback for PDCCH can be added if it can be agreed.
For PRACH, it can be observed in TR 38.867 that RACH procedure is assumed in all management solutions, so we can also mention that PRACH is supported irrespective whether there is explicit agreement on it.

	CATT
	Yes
	We cannot add anything since no further agreement has been reached. However we can inform RAN2 that 
‘Other UL transmission may be included from further RAN1 discussions’



1.1.1. Discussion on Question 1(Round 2)
Based on the feedback from the last round and the online discussion on Tuesday, the texts for the response to Question 1 is updated as below. The black parts are from the last round and got the support from most companies. The red parts are the modifications according to companies’ proposal from the last round. 

Proposal 1-v2:
The draft reply to Question 1 is as below.

From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements from RAN1#110bis-e meeting. In addition, legacy uplink channels and signals are expected to be supported without NCR-specific enhancement, such as PRACH transmission for the initial access.


	Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported.

Agreement
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported. 




Companies are encouraged to provide your views on Proposal 1-v2 in the Table below. If it is not supported or you cannot live with it, please provide your views/reasons and the updates. 

	Company
	Support the proposal 1/ can live with it or not
	If it is not supported or live with it, please provide your views and updates.

	Apple
	Support
	

	Ericsson
	Support
	

	Sony
	Support
	

	Huawei, HiSilicon
	Support (with slight modification)
	In the last sentence, not sure why PRACH is mentioned particularly and suggest to remove it. 
In addition, legacy uplink channels and signals are expected to be supported without NCR-specific enhancement, such as PRACH transmission for the initial access.

	Lenovo
	Support
	

	CATT
	OK
	In addition, other legacy uplink channels and signals  are expected to could be supported without NCR-specific enhancement, such as PRACH transmission for the initial access.

	Intel 
	Support 
	In our view, it is better to explicitly mention PRACH. We should list all channels RAN1 agreed. We already agreed to support BFD/BFR/RLM. Apparently, PRACH is supported. We suggest some revision as below: 

From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements from RAN1#110bis-e meeting, and PRACH is supported according to the agreements from RAN1#111 meeting. ,. In addition, legacy uplink channels and signals are expected to be supported without NCR-specific enhancement, such as PRACH transmission for the initial access.


Add following agreement after the agreement for CSI.

Agreement
As optional functionalities for the NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
· FFS: The behavior of NCR-Fwd when BFR/RLF happen in C link.
 

	ZTE
	Support
	We can also include the PRACH related agreement.
Agreement
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT


	Mod
	
	Updated according the comments above:
From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PRACH, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements. from RAN1#110bis-e meeting. 

In addition, other legacy uplink channels and signals are expected to could be supported without NCR-specific enhancement. , such as PRACH transmission for the initial access.

	Agreement
…
Agreement
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT





	Nokia
	
	Do no support the proposed modification by CATT, as it is not consistent with current agreements.  Legacy channels are agreed without enhancement.
From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PRACH, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements. from RAN1#110bis-e meeting. 

In addition, other legacy uplink channels and signals are expected to could be supported without NCR-specific enhancement. , such as PRACH transmission for the initial access.

	Agreement
…
Agreement
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT





	Samsung
	Support
	

	Mod2
	
	According to the discussion above, the response is updated as below

From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PRACH, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements. from RAN1#110bis-e meeting. 

In addition, other legacy uplink channels and signals are expected to could be supported without NCR-specific enhancement. , such as PRACH transmission for the initial access.

	Agreement
…
Agreement
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT







If there is any other information should be mentioned or added for the response to Question 1 in Proposal 1-v2?
	Company
	If there is other information should be mentioned or added for the response to Question 1?
(Yes or No) 
	If the answer is yes, please provide details and the reasons.

	
	
	

	
	
	




1.2. Discussion on Question 2
	[bookmark: _Hlk119264321][bookmark: _Hlk119271682]Question 2:  RAN4 would like to check with RAN1 whether there is any concern to support the FR1 NCR beamforming?



[bookmark: _Hlk119271494]The views from the contributions are listed below.
[R1-2210957-vivo] 
RAN1 specification work does not preclude FR1, RAN1 srtives for common design for FR1 and FR2. However, it is up to RAN4 whether to pay specification effort dedicated for FR1 NCR beamforming.

[R1-2211105-ZTE] 
From RAN1’s perspective, there is not concern to support the FR1 NCR beamforming. The signalling mechanism of side control information can be applied for both FR1 and FR2 without differentiation on frequency ranges.
As common understanding in RAN1, the support of FR1 NCR beamforming is also in the scope of WID, and corresponding works, including study and specify relevant RF requirement will be conducted in RAN4 as guided by WID.

[R1-2211106-ZTE] provides additional information and discussion on the scope of WID and the discussions during the RAN plenary. 
	Moreover, the support of beam information in FR1 is also in the WI’s scope and preferred by companies. It’s already been discussed in RAN#97-e as summarized in [3], almost all companies prefer to equally treat beamforming on FR1 and FR2 while only one company prefers to de-prioritize FR1. Then, as a compromise, the following is highlighted as part of scope [4]:
Note: The work in RAN4 for beam related is expected to start on FR2 first.
Therefore, it’s clear that FR1 NCR beamforming is in the scope of WID. Regarding how to define the FR1 NCR beamforming in the implementation, it’s also part of RAN4’s work to study and specify relevant RF requirement as guided by WID.



[R1-2211141-CATT] 
Regarding any concern to support the FR1 NCR beamforming, from feasibility point of view, there is no concern.
[R1-2212014-Samsung] 
At least from RAN1 perspective, beamforming (i.e., analog beamforming) is transparent. Generally, RAN1 does not have technical concern on supporting beamforming for FR1. However, in RAN1’s understanding, the support of non-transparent beamforming (i.e., with QCL-typeD RS in TCI state for C-link/backhaul-link and access link beam index for access link) for FR1 will increase the cost of NCR with marginal benefit. In conclusion, from the perspective of RAN1, non-transparent NCR beamforming for FR1 is not necessary.

[R1-2212342-Ericsson]
The applicability and indication of beams for FR1, how many beams are supported and how they are characterized, are still under discussion in RAN1.

[R1-2212343- Ericsson]
	Beams used in the access link will be indicated by the controlling gNB by a logical beam index and a DL beam and a UL beam which are correspondent with each other have the same beam index. Supported beams for the access link will be characterized by their number and spatial relation. The applicability and indication of beams for FR1, how many beams are supported and how their characterization will be in detail is still under discussion in RAN1, given the typically different nature of beams in FR1 and FR2.



[R1-2212488-Huawei] 
	[bookmark: _Ref115126170]Observation 1: It is unclear whether there is a need to support FR1 NCR beamforming compared with the existing RF repeater. 
[bookmark: _Ref118120221]Proposal 2: Reply Question 2 to RAN4: There is no consensus on whether there is performance gain for FR1 NCR beamforming compared with the existing RF repeater based on TR38.867. RAN1 does not see the strong need to support FR1 NCR beamforming. 



[R1-2212130-Qualcomm]
RAN1 conclusion is to support FR1 NCR-Fwd beamforming subject to NCR capability reporting. For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
· Range of time-invariant phase error
· Range of time-variant phase error 
· Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.

[R1-2211304 -Nokia]
As RAN1 has not excluded support for FR1 with NCR, RAN1 can indicate that support for FR1 NCR beamforming may be supported, but there is some concern regarding agreements mandating DL/UL beam reciprocity in paired spectrum.

[R1-2211412 -Intel]
RAN1 provides feedback to RAN4 LS to confirm beamforming in FR1 supported by RAN1. Whether beam correspondence can be held in FR1 and potential impact on beam information indication (if any) should be further discussed in RAN4 and RAN1.

[R1-2211413 -Intel]
RAN1 confirms beamforming in FR1 supported by RAN1. Whether beam correspondence can be held in FR1 and potential impact on beam information indication (if any) should be further discussed in RAN4 and RAN1.

According to the contributions at this meeting, a few views are observed and listed below.
· From the perspective of feasibility or technically, almost all (9) companies [vivo, ZTE, CATT (from feasibility), Samsung (no technical concern), Ericsson, Huawei (no consensus on the performance gain), Qualcomm(subject to NCR capability), Nokia (maybe), Intel], have no concern to support the FR1 NCR beamforming.
· Two companies mentioned that a common/unified design should be used for both FR1 and FR2. Currently there is no differentiation for the signalling of side control information in FR1 and FR2.
· One company mentioned that RAN1 does not have technical concern on supporting beamforming for FR1. However, the support of non-transparent beamforming (i.e., with QCL-typeD RS in TCI state for C-link/backhaul-link and access link beam index for access link) for FR1 will increase the cost of NCR with marginal benefit.
· One company mentioned that the indication of beams for FR1, details like how many beams are supported and how they are characterized are still under discussion in RAN1.
· One company mentioned that the there is no consensus on whether there is performance gain for FR1 NCR beamforming compared with existing RF repeater.
· Two companies mentioned that whether beam correspondence can be held in FR1 should be studied.
· One company mentioned that the phase error and the feasibility to keep the same phase error between DL and UL for case of TDD reciprocity
· All the companies considers that the FR1 NCR beamforming is within the scope. 

According to the summarized views, moderator would ask for the views for the following issues.

Question 2-1,
From technical perspective, is it possible that the beams of NCR in FR1 can be controlled by side control information using the same mechanism for that of FR2. 

	Company
	From technical perspective, is it possible that the beams of NCR in FR1 can be controlled by side control information using the same mechanism for that of FR2. 
(Yes or No)
	If the answer is no, please provide your views and reasons

	Qualcomm
	No
	[bookmark: _Hlk119516447]Typically, RF front-end (RFFE) structures for beamforming between FR1 and FR2 are different. FR2 RFFE typically has a combined structure between antenna array, power amplifier, and phase shifter for beamforming, which is more feasible for the phase calibration. But it’s not the case in FR1. 
In case of multi-antenna NCR in FR1, there could be phase mismatches among different antennas, resulting in uncontrollable beam directions. That is, if FR1 NCR is not calibrated, the beams cannot be properly controlled due to unknown phase errors.
Therefore, we cannot simply conclude that the beams of NCR in FR1 can be controlled by side control information using the same mechanism for that of FR2. 

	Nokia
	Not clear
	This may depend on whether beam correspondence requirements are intended to apply in FR1 as they do in FR2.  It has already been agreed in RAN1 that a single index is intended to apply to both corresponding and DL and UL beams.  If this assumption does not hold, then beam indication for DL and UL beams may have to be identified separately with additional indication for link direction as well.

	Samsung
	Yes
	

	Lenovo
	Yes
	

	Ericsson
	Yes, if used for implicit ON/OFF
	Although we agree with Qualcomm and Nokia that FR1 and FR2 beamforming differs, for repeaters, there is really no substitute to beamforming in FR1. Hence, an FR1 repeater will lack the precoder ability corresponding to FR2 beamforming. In our understanding, the question boils down to whether beams can be used to implicitly indicate power ON/OFF for FR1 repeaters, and that should be quite feasible using, e.g., a single beam in the FR1 repeater.
FR1 repeaters were not discussed during the SI. Although the above single beam repeater variant may not be satisfactory to all companies, we don’t see how we will manage to specify much else in Rel-18 without any previous discussion in the topic.

	Intel 
	Not clear 
	We share similar view with NOKIA, and also discussed in our tdoc (R1-2211412), it is unclear whether beam correspondence for DL/UL for backhaul link, for access link, can be assumed for FR1. In SI phase, we made the agreement for beam correspondence based on assumption of FR2. For FR1, further study is needed. If not, it has impact on beam indication, e.g., we can not assume same beam index for DL and UL. 

	LG
	Yes
	

	Huawei, HiSilicon
	Further clarification is needed. 
	Our general answer to this question is “Maybe”. 
Ericsson brought up a point (which is also discussed online) that if the number of beams in FR1 is 1, one can use the beam indication to indicate implicit “ON/OFF” for FR1. If companies can agree on this is the only thing that we need to do in order to support NCR FR1 beamforming, then we are open to this.
As pointed out by Nokia and Intel, beam correspondence has been assumed for NCR for C-link, backhaul link and access link. However, it is not clear whether the same assumption can be hold for FR1. If beam correspondence is not guaranteed, the side controlling is expected to be different, e.g., the DL and UL beams for NCR-Fwd access link are indicated separately. Even if beam correspondence holds for FR1 NCR, more standardization work is expected, e.g. requirement on beam correspondence for FR1 UEs in RAN4.
In addition to above, we have not seen a strong need to support NCR FR1 beamforming in general. As pointed out in our contribution, for FR1, high-power PAs can be used to ensure the coverage. The need to support dynamic beamforming in FR1 for NCR-Fwd access link does not seem to be strong. From practical deployment point of view, an FR1 NCR will have to be equipped with a large number of antennas such as to enable beamforming, this not only increases the equipment cost but also impose some difficulties to installation and deployment.
Overall, we should be very careful when discussing the support of NCR FR1 beamforming especially when we have one meeting left.

	Apple
	Maybe, but further clarification/discussion needed as suggested by others
	

	ZTE
	Yes
	From RAN1’s perspective, we have already agreed to use beam index to indicate the beam for NCR-Fwd, and the information to characterize the beam is based on implementation as agreed yesterday. So there is no issue identified from the signaling design for beam in RAN1 which can support both FR1 and FR2 beamforming.
Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 


	
	
	




Question 2-2,
According to the views from the contributions, a draft response to the Question 2 is proposed as below. 

From the technical perspective, RAN1 has no concern to support FR1 NCR beamforming. A unified design is strived for the beam indication for FR1 and FR2. Although companies have different views on the performance gain for supporting FR1 NCR beamforming compared with legacy RF repeater. The details such as, how many beams are supported and how they are characterized, are still under discussion in RAN1.

Companies are encouraged to provide your views in the table below.
	Company
	Do your support the draft response? 
(Yes or No)
	If the answer is no, please provide your views/reasons and updates

	Qualcomm
	No
	We don’t think RAN1 can simply conclude that there is no concern on FR1 NCR beamforming. 
In case of multi-antenna NCR in FR1, there could be phase mismatches among different antennas, resulting in uncontrollable beam directions. One of the most important aspects for NCR would be cost-efficient implementation, which means the phase calibration should not be presumed in RAN1 NCR discussion. If phase errors are fast time-varying, then FR1 beamforming cannot be supported. Even when these phase errors are time-invariant, unknown phase errors can degrade FR1 beamforming performance. Additionally, if NCR is not calibrated to maintain the same relative phase errors between uplink and downlink, NCR Fwd beamforming based on reciprocity cannot be supported. Details are provided in R1-2212130.
Based on the above observation, our proposal for LS response is:
RAN1 identified three issues to support FR1 NCR beamforming
 1. Time-invariant phase errors
 2. Time-variant phase errors
 3. Phase error difference between uplink and downlink
If NCR is not calibrated to keep the time-variant and time-invariant phase errors across multiple antenna elements within a certain range, it would not be feasible to support beamforming in FR1. Additionally, if NCR is not calibrated to maintain the difference between uplink and downlink relative phase errors within a certain range, NCR Fwd beamforming based on reciprocity cannot be supported.
For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
-	Range of time-invariant phase error
-	Range of time-variant phase error 
-	Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.

	Nokia 
	No 
	Further discussion on Question 2-1 is needed before this response can be agreed. 

	Samsung
	No
	From technical perspective, it is true that RAN1 has no concern on supporting FR1 NCR beamforming. It is up to RAN4 to support FR1 beamforming or not. Our view is that if beamforming is implemented in FR1, one beam shaped for focusing certain wide area might be used. We don’t think multiple beams are used for FR1 in real deployment, since antenna size needs to be large due to large wavelength in FR1. Based on the discussion above, we think regardless of supporting beamforming one beam is sufficient in FR1, which means that adaptive beamforming is not necessary. So we are not sure unifying design for FR1 and FR2 is beneficial for NCR.  Therefore, we suggest to modify as below:

From the technical perspective, RAN1 has no concern to support FR1 NCR beamforming. A unified design is strived for the beam indication for FR1 and FR2. Although companies have different views on the performance gain for supporting FR1 NCR beamforming compared with legacy RF repeater. The details such as, how many beams are supported and how they are characterized, are still under discussion in RAN1.



	Lenovo
	Partially yes
	We are generally fine with the response. However, we don’t think the last two sentences are necessary and prefer to delete them. The first two sentences are enough.

	Ericsson
	No
	At this point in time, that response is a bit premature. We think it would be good if RAN1 first reach a common understanding about FR1 beamforming and how it will be used.

	Intel 
	
	It depends on outcome of question 2-1. 

	LG
	
	Fine with the response in general, but more discussion seems necessary.

	Huawei, HiSilicon
	No
	We can focus on the discussion for question 2-1 first.

	Lenovo
	
	Suggest to discuss this based on the outcome of 2-1

	ZTE
	Yes
	The RAN4 LS is asking whether there is concern from RAN1, but the issues mentioned by Qualcomm are within RAN4’s scope and it’s up to RAN4 to further discuss these aspect. 
From RAN1’s perspective, we have already agreed to use beam index to indicate the beam for NCR-Fwd, and the information to characterize the beam is based on implementation as agreed yesterday. So there is no issue identified from the signaling design for beam in RAN1 which can support both FR1 and FR2 beamforming.
Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 


	
	
	



1.2.1. Discussion on Question 2(Round 2)
Base on the observation over the agreements in this meeting and previous meeting, at least the following agreements have been achieved for the beam indication for both AC link and HB link beams.

	Agreement
Beam index is used to indicate an access link beam (Option 1) 

Agreement
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.

Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability

Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link




Related to the beam correspondence, the following agreements have been achieved.
	Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.

Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd



Based on the agreements and the replies from 1st round, Moderator’s observation is that, the beam indication for both AC link and BH link is supported without differentiation between the frequency ranges. For the AC link beams, the beam indexes should be used. And for the BH link beam indication, both Rel-15 or Rel-17 framework could be reused. Then, in general, or from the perspective of RAN1, the beam indication or the beamforming of NCR FR1 is supported. 

But still we have some issues raised by companies, such as the phase error issues, and whether the beam correspondence could apply to FR1. 

For the issue of the phase error, as also commented by Qualcomm, if the antennas or the Tx chains can be calibrated, there would be no problem for the NCR FR1 beamforming. Whether the calibration is carried out depends on implementation or the capabilities of the NCR. And how much error remains after the calibration could be RAN4’s issue. 
On the other side, the uplink precoding or beamforming has been supported for UEs even from Rel-15. I am not sure it is a unique problem for the NCR.

For the issue of whether beam correspondence can be applied to FR1, currently it is assumed for beams of the access link at the NCR-Fwd without differentiation between FR1 and FR2. From my understanding, how to define the beam correspondence belongs to RAN4’s work. 

Based on the feedback from last round, the Question 2-1 is updated as below.

Question 2-1-v2,
Does the group share the same understanding about the FR1 beamforming as below?
From technical perspective, or RAN1 perspective, the beam indication mechanism can be applied to NCR FR1 beamforming. Regarding whether the beam correspondence is supported for FR1, it will be determined by RAN4.

	Company
	Does you have the same or similar understanding as the statement under Question 2-1-v2
(Yes or No)
	If the answer is no, please provide your views and updates

	Apple
	Yes
	

	Ericsson
	Mostly, yes
	We think the response goes beyond what RAN4 asked for, e.g., considering beam correspondence. 

	Sony
	Yes
	

	Huawei, HiSilicon
	Mostly
	From signaling design of side control information perspective, the first statement is true. However, we should not spend more time on other aspects which are not the scope of this WI in order to support NCR FR1 beamforming. The main concern is that there is even no common consensus that there is a gain to support NCR FR1 beamforming based on the SI outcome. 
On the support of beam correspondence for FR1, we think it is a bigger issue and there could be more impact in both RAN1 and RAN4. We are a bit hesitant to open this discussion for the support of NCR FR1 beamforming. 

	Lenovo
	Yes
	Agee with Ericsson that beam correspondence related part can be deleted.

	Qualcomm
	No
	As we mentioned before, for cost-efficient NCR, the phase calibration should not be presumed in RAN1. 
For uplink MIMO, whether UE supports coherent precoding or not is up to UE capability reporting. Also, there is no tight UE requirement for phase calibration in RAN4 spec, which allows phase offset values distributed over [-pi, pi]. Please note that the current Rel-18 8Tx UL codebook discussion in RAN1 is also assuming such amount of phase offset values, however, of which impact on multi-antenna NCR performance has not been studied yet. 
If there are phase errors across multiple antennas, it’s not easy to identify what the beam shape is and what the exact beam direction is, which means uncontrollable beams.
RAN4 is asking RAN1 whether there is any concern to support the FR1 NCR beamforming. Then the answer should be that we have a concern on phase errors to support the FR1 NCR beamforming.

	 Intel 
	 Yes 
	We prefer to keep the beam correspondence related part, to avoid any wrong impression that RAN1 agreed beam correspondence in FR1. In TR section 6.1, for the description of beam correspondence, we didn’t explicitly mention FR1 or FR2. 

	ZTE
	Yes
	For signalling design of beam information which is within RAN1’s scope , it’s clear that it can cover FR1 and FR2. As for phase error, it’s up to RAN4 to study the feasibility.

	Samsung
	Yes
	We share the similar view with ZTE



The moderator shares the similar understanding that Question 2-1 should be solved first, which is the basis for the response to RAN4. And still some companies provide views and proposals to the contents of the response. Moderator divides the response into two parts. The 1st part is related to the Question 2-1. And the 2nd part currently is in the bracket according to the response from last round. Companies can provide your views more focusing on the 2nd bullet. 


Question 2-2-v2,
According to the views from the contributions and discussions in the last round, an updated draft response to the Question 2 is proposed as below. 

· From technical perspective, or RAN1 perspective, the beam indication mechanism can be applied to NCR FR1 beamforming. Regarding whether the beam correspondence is supported for FR1, it will be determined by RAN4.
· [Although companies have different views on the performance gain for supporting FR1 NCR beamforming compared with legacy RF repeater. The details such as, how many beams are supported and how they are characterized, are still under discussion in RAN1.]

	Company
	Do your support the draft response? 
(Yes or No)
	If the answer is no, please provide your views/reasons and updates

	Apple
	
	In our view, first bullet can be further updated to capture that from RAN1 perspective beam indication mechanism can be applied to NCR FR1 beamforming for single beam indication.
Second bullet can delete. In fact the sentence on beam characterization need not be discussed in RAN1 anymore, as we already agreed on OAM based beam characterization.

	Ericsson
	Partly
	As stated above, beam correspondence can be left out of the response. Additionally, we share Apple’s view that the most recent agreement should be reflected in the response. In fact, we think that agreement is sufficient as a response:
We propose that we simply answer by providing last Tuesday’s agreement:
Regarding FR1, RAN1 has made the following agreement:
For FR1, the “ON” state of NCR-Fwd is indicated:
Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd.

	Sony
	
	We support the first bullet. We would like to delete the second bullet since, as Apple explains, the details of the access link beams have already been sorted out—will be provided via OAMs—and it is therefore not accurate.

	Huawei, HiSilicon
	Partially
	On the 1st bullet, we are fine with the first sentence but would like to suggest some modification. We suggest to remove the second sentence since there may be some impact in both RAN1 and RAN4 as discussed previously.
· From technical perspective, or RAN1 perspective, the signaling design of beam indication mechanism can be applied to NCR FR1 beamforming. Regarding whether the beam correspondence is supported for FR1, it will be determined by RAN4.
We are fine to provide the RAN1 agreement to RAN4 and agree with Apple and others that the 2nd bullet is not needed anymore.

	Lenovo
	
	Agree with Apple and Ericsson that to describe the RAN1 agreement on support of beam indication in FR1 for on/off indication.

	CATT
	
	Our question is does the agreement about FR1 beam indication implies ran1 already decide to support beamforming for FR1. Different companies may have different understanding. 
If the answer is yes, then we can let ran4 know there is no concern because ran1 already decide to support it.

	Qualcomm
	No
	It is unclear what is the meaning of “the beam indication mechanism can be applied to NCR FR1 beamforming”. If the phase errors are time-variant, the same beam index may correspond to different beam direction in different time. With this statement, are we trying to imply that FR1 NCR calibration is required by default?
Due to the phase error issues, we don’t think RAN1 can conclude that the same beam indication mechanism can be applied to FR1 NCR beamforming. We would propose the following response:
RAN1 identified three issues to support FR1 NCR beamforming
 1. Time-invariant phase errors
 2. Time-variant phase errors
 3. Phase error difference between uplink and downlink
If NCR is not calibrated to keep the time-variant and time-invariant phase errors across multiple antenna elements within a certain range, it would not be feasible to support beamforming in FR1. Additionally, if NCR is not calibrated to maintain the difference between uplink and downlink relative phase errors within a certain range, NCR Fwd beamforming based on reciprocity cannot be supported.
For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
-	Range of time-invariant phase error
-	Range of time-variant phase error 
-	Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.

	Intel 
	
	We support 1st bullet.  As commented in Question 2-1-v2, it is better to keep the beam correspondence related part, to avoid any wrong impression that RAN1 agreed beam correspondence in FR1, because we didn’t explicitly mention FR1 or FR2 for the description of beam correspondence in TR section 6.1.
 We agree with other companies, no need of 2nd bullet. And we think providing the agreement shown by E/// is helpful.  

	ZTE
	
	We are fine with the first bullet. The second bullet is not needed.

	Mod
	
	According to the comments above, the response is updated as below,
From RAN1 perspective, the signaling design of beam indication mechanism can be applied to NCR FR1. The related agreement is listed below.

[Regarding the beam correspondence of FR1 and the issues of calibration, it will be determined by RAN4.]

	Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd





	Nokia
	Support 
	

	Samsung
	Support
	We are generally fine with the updated response with minor comments. We prefer to keep “The details such as, how many beams are supported are still under discussion in RAN1” not to provide impression that RAN1 supports multiple beams for FR1 beamforming.

	Mod 2
	
	RAN4 has agreed to support beamforming capability. The details could be left to RAN4 discussion.  The reply is updated as below.

From RAN1 perspective, the signaling design of beam indication mechanism can be applied to NCR FR1. The related agreement is listed below.

	Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd








1.3. Draft reply LS to RAN4
Pending
2. Proposals for discussion

Proposal 1-v3:
The draft reply to Question 1 is as below.

From RAN1’s perspective, NCR-MT supports UL transmissions. At least, PRACH, PUCCH, PUSCH, SRS and HARQ-ACK feedback transmissions for PDSCH are supported according to the agreements. from RAN1#110bis-e meeting. 

In addition, other legacy uplink channels and signals are expected to could be supported without NCR-specific enhancement. , such as PRACH transmission for the initial access.


	Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported.

Agreement
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported. 

Agreement
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT






Proposal 2-2-v3
An updated draft response to the Question 2 is proposed as below. 

From RAN1 perspective, the signaling design of beam indication mechanism can be applied to NCR FR1. The related agreement is listed below.

	Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd
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