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[bookmark: _Toc116995841]Introduction
In RAN4#107, the discussion on NCR-MT demodulation performance requirements has taken place, on which the way forward (WF) is documented in [1], and summarized below:
	Issue 1-1-1: FR1 requirements
Agreement: 
· 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
· FFS whether need to consider 5MHz/15kHz

Issue 1-1-2: FR2 requirements
Agreement:
· Option 1: New FR2 requirements shall be defined on PDCCH for signaling of the indication of changing the Access link beam. 
· Option 2: Do not define new requirements on PDCCH for signaling of Access link beam change indication. 
Issue 1-2-1: Test metric for FR1 and FR2
Agreement: 
· Both 1% BLER(1st transmission) and 70% maximum throughput using the same simulation configurations with maximum number of HARQ transmission=4
Issue 1-3-1:   PDCCH requirements
Agreement: 
· Reuse IAB-MT and legacy UE requirements as much as possible as baseline.
· FFS for adapt PDCCH requirement for testing of DCI type 2_8 used for access link beam change indication.
· Interesting companies can bring simulation results for DCI type 2_8.
Issue 1-4-1: PMI requirements
Agreement: 
· Option1: Define PMI requirements for MCR-MT.
· Option 1A: Testing of performance requirements for PMI reporting is optional (Reuse from IAB-MT). 
· Option 2: No




In this paper, we will mainly address the remaining open issues as highlighted in yellow above. Concerning the green highlighted issues, as agreed in RAN4#107 that companies will run simulation for the agreed parameters, we provide our simulation results on NCR-MT PDSCH demodulation in [2]. Furthermore, as we proposed earlier to consider new PDCCH requirements for DCI Type 2_8 (5_0) as discussed in Issue 1-3-1, we provide our simulation results on PDCCH in [2].  

[bookmark: _Toc116995842]Discussion
Channel bandwidth and SCS
In the following, we will address the remaining open issues from previous RAN4 meeting as summarized above. The first open issue is related to the requirements for 5 MHz/15 KHz as below:
	Issue 1-1-1: FR1 requirements
Agreement: 
· 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
· FFS whether need to consider 5MHz/15kHz



Given the low expected throughput (TPUT) of the NCR control link, we expect the CBW allocation for such control links to be the smallest possible to leave as many resources as possible to serve UEs, which leads us to asking for the inclusion of 5MHz/15kHz requirements. 
Furthermore, it is expected that NCR will operate in all NR frequency bands (both in FR1 and FR2). Hence, it will need to operate in different sizes of Carrier Bandwidths (CBWs). As it is needed to operate in different CBW sizes, it would be good to have requirements for one CBW that can be extended/reused to any supported CBW. The classic BS demod CBW applicability rule that facilitates this, needs the minimum CBW to have requirements defined for it to work in all cases.
[bookmark: _Toc135087572][bookmark: _Toc142671418]C-link NCR-MT will have low TPUT and, hence, smallest CBW can be allocated for such a link.
[bookmark: _Toc135087573][bookmark: _Toc142671419]NCR will operate in different CBW sizes. Requirements for minimum CBW could be extended/reused to any supported CBW.
Based on these observations, we propose to define minimum performance requirements for 5MHz CBW:
[bookmark: _Toc135087574][bookmark: _Toc142671420]RAN4 shall define new FR1 requirements for 5 MHz/15 KHz. 
Furthermore, we provide our simulation results for 5 MHz/15 KHz in [2] to support our proposal on having FR1 requirements for 5 MHz/15 KHz.  

PDCCH requirements
The next two open issues are about the PDCCH requirements as given below:
	Issue 1-1-2: FR2 requirements
Agreement:
· Option 1: New FR2 requirements shall be defined on PDCCH for signaling of the indication of changing the Access link beam. 
· Option 2: Do not define new requirements on PDCCH for signaling of Access link beam change indication. 


	Issue 1-3-1:   PDCCH requirements
Agreement: 
· Reuse IAB-MT and legacy UE requirements as much as possible as baseline.
· FFS for adapt PDCCH requirement for testing of DCI type 2_8 used for access link beam change indication.
· Interesting companies can bring simulation results for DCI type 2_8.
 


In the current requirements, the receiver characteristics of the PDCCH are determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg). Corrodingly, for IAB-MT, DCI formats 1_0 and 1_1 are defined in the fixed reference channels (FRC) for PDCCH in Appendix A of [3].
However, for NCR-MTs, the scheduling grants may be used rarely, because the support of user-plane traffic is optional.
On the other hand, it is agreed in RAN1 [4][5] that the access link beam change indication will be carried by DCI type 5_0 (or DCI format 2_8, the naming is not yet final). While the minimum requirements criteria of 1% of probability of misdetection can be used, necessary adaptation in PDCCH test parameters should be done for DCI type 5_0. Some of the corresponding L1 agreements are listed below:
	RAN1#112 [4]

Agreement
The DCI Format 5_0 carrying the side control information is monitored by the NCR-MT at least in the UE specific search space.
· Note: The existing configuration of UE specific search space will be reused.

Agreement
For periodic and semi-persistent beam indication,
· The maximum number of periodic beam indication is 32.
· The maximum supported number of beam is 64 (to determine the value range of beam index).
· The maximum number of duration of time resource is 112 symbols.
For periodic beam indication,
The maximum number of forwarding resources in one periodic beam indication is 1024.

RAN1#112-bis-e [5]
Agreement (NR network-controlled repeaters)
For the aperiodic beam indication via DCI 5-0, the following option is supported:
· Option-4:
· The DCI size of DCI Format 5-0 is implicitly determined by the RRC configuration with the maximum value as 128.
· The [maximum] number of fields for time resource indication (Tmax) is explicitly configured by dedicated RRC parameter with the maximum value as [16] or [32].
· FFS: How to support and address an actual number of fields for time resource indication is smaller than the configured maximum number.



In some configurations, DCI 5_0 size can be pretty large (max size 128 bits), because it can carry access beam configuration for multiple time resources and beams. The demodulation performance of DCI payloads of such large sized have not yet been covered in RAN4 before.
[bookmark: _Toc135087581][bookmark: _Toc142671421][bookmark: _Toc134747899][bookmark: _Toc134751393][bookmark: _Toc134751419][bookmark: _Toc134751477][bookmark: _Toc134751503][bookmark: _Toc134751535][bookmark: _Toc134751579][bookmark: _Toc134751605][bookmark: _Toc134751644][bookmark: _Toc135042529][bookmark: _Toc134747900][bookmark: _Toc134751394][bookmark: _Toc134751420][bookmark: _Toc134751478][bookmark: _Toc134751504][bookmark: _Toc134751536][bookmark: _Toc134751580][bookmark: _Toc134751606][bookmark: _Toc134751645][bookmark: _Toc135042530][bookmark: _Toc135079706][bookmark: _Toc135079754][bookmark: _Toc135080144][bookmark: _Toc135080412][bookmark: _Toc135080560][bookmark: _Toc135080625][bookmark: _Toc135080801][bookmark: _Toc135084452][bookmark: _Toc135084790][bookmark: _Toc135084821]For NCR-MT, scheduling grant (i.e., DCI format 1_0/1_1) is not typical, whereas DCI type 5_0/2_8 can be used for access link beam change indication. 
[bookmark: _Toc142671422]The DCI size can have the maximum value of 128 and the demodulation performance of DCI payloads of such large sized have not yet been covered in RAN4 before.
[bookmark: _Toc142671423]RAN4 shall define new demodulation performance requirements for NCR PDCCH.
[bookmark: _Toc135087582][bookmark: _Toc142671424]RAN4 shall adapt test parameters for NCR PDCCH requirements following DCI format 5_0/2_8 at least to adapt the max payload size accordingly (i.e., 128 bits).
We note here that as discussed by companies both online and offline in RAN4#107 meeting, interested companies can provide initial simulation for PDCCH based on the parameters for IAB/UE specifications, and to adapt only the size of the payload. To support our proposal, we provide simulation results on PDCCH with DCI format 5_0/2_8 in [2], in which we adapt the parameter for the payload to the maximum value (128 bits). From the simulation results in [2], compared to the original DCI size in [3], DCI Type 5_0/2_8 requires considerably higher SNR. As one example case, we provide the comparison below:
Table 1. Minimum performance for PDCCH with 30 kHz SCS: DCI 1_0 versus DCI 5_0/2_8
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value (DCI 1_0)
	Reference value (DCI 5_0/2_8)

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)
	Pm-dsg (%)
	SNR (dB)

	40 
	102
	1
	2
	TDLA30-10
	1x2 Low
	1
	3.4
	1
	10.6


Hence, as in our proposal above, RAN4 shall define new demodulation performance requirements for NCR PDCCH with DCI 5_0/2_8.

PMI requirements
The next open issue is about PMI requirements as below:
	Issue 1-4-1: PMI requirements
Agreement: 
· Option1: Define PMI requirements for MCR-MT.
· Option 1A: Testing of performance requirements for PMI reporting is optional (Reuse from IAB-MT). 
· Option 2: No



In RAN4#106bis-e and RAN4#107 discussions, we have provided our views on this issue. Our views are summarized in the following:
As NCR is part of the network device, in the network planning process, NCR will be deployed in a location with a relatively good channel condition to the gNB. Furthermore, as both NCR and gNB are in a fixed location and not mobile, the channel between them will be considerably stable and not change frequently. In general, such a good condition on the first hop is needed to ensure that the use of the intermediate node (in a form like relay, IAB, RF repeater or NCR) would bring benefits to the network. As an example, in a decode and forward relaying, the relay node should not be used if the minimum SINR between the first hop and the second hop is less than the SINR of the direct link, cf. [6]. We note here that in NCR, the good channels for the first hop are intended for NCR-FWD backhaul link. It is expected that NCR-FWD will carry much higher data rate compared to NCR-MT which uses the same channel. Hence, NCR-MT will benefit from the good channels of NCR-FWD coming from the network planning.
In a usual direct communication between gNB and UE, PMI is intended to maximize the throughput based on the channel condition.  Nonetheless, it is expected that the C-link in NCR-MT will only carry low data rate for carrying only side control information.
The arguments to have PMI reporting is the change of the channel condition. Nonetheless, the changing of the channel condition can already be adapted by adapting the CQI, hence, the MCS. In RAN4#106bis-e it is already agreed to define CQI requirements. 
[bookmark: _Toc135087585][bookmark: _Toc142671425]NCRs are part of the network and can profit from network planning. Good channel conditions and known spatial transmission/receptions environments can be assumed. Overall low data rates are expected for NCR control information, hence fixed PMI or even no-PMI will be feasible in deployment. Link adaptation is covered in CQI requirements.
[bookmark: _Toc135087586][bookmark: _Toc142671426]RAN4 shall not consider defining requirements for PMI reporting. 

[bookmark: _Toc116995848]Conclusion
In this paper, we provide our views on the remaining open issues on NCR demodulation performance requirements. They are summarized in the following Observations and Proposals:
Observation 1: C-link NCR-MT will have low TPUT and, hence, smallest CBW can be allocated for such a link.
Observation 2: NCR will operate in different CBW sizes. Requirements for minimum CBW could be extended/reused to any supported CBW.
Proposal 1: RAN4 shall define new FR1 requirements for 5 MHz/15 KHz.
Observation 3: For NCR-MT, scheduling grant (i.e., DCI format 1_0/1_1) is not typical, whereas DCI type 5_0/2_8 can be used for access link beam change indication.
Observation 4: The DCI size can have the maximum value of 128 and the demodulation performance of DCI payloads of such large sized have not yet been covered in RAN4 before.
Proposal 2: RAN4 shall define new demodulation performance requirements for NCR PDCCH.
Proposal 3: RAN4 shall adapt test parameters for NCR PDCCH requirements following DCI format 5_0/2_8 at least to adapt the max payload size accordingly (i.e., 128 bits).
Observation 5: NCRs are part of the network and can profit from network planning. Good channel conditions and known spatial transmission/receptions environments can be assumed. Overall low data rates are expected for NCR control information, hence fixed PMI or even no-PMI will be feasible in deployment. Link adaptation is covered in CQI requirements.
Proposal 4: RAN4 shall not consider defining requirements for PMI reporting.
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