[bookmark: historyclause]3GPP TSG RAN WG4 Meeting #104bis		R4-2215644
Electronic meeting, October 10 – 19th, 2022	

Agenda item:	7.1.2
Source:	Apple
Title:	Clarifications on key open issues for irregular channels
WI/SI:	FS_NR_eff_BW_util
Release:	Rel-18
Document for:	Decision

1	Introduction 
During Rel-16 and Rel-17 discussions, several operators expressed an interest in enabling more efficient utilization of "non-standard" channel bandwidths, i.e., the ones which are not present now in TS 38.101 specifications. Referring to the corresponding operator requests, the following channel bandwidths were suggested by operators: 6, 7, 11, 12, 13, 33, 35, 45. As an outcome a new SI was agreed at the RAN#89 meeting aiming to study further which existing solutions can be used and whether new mechanism should be devised [1]. 
RAN WG4 has been considering several solutions, latest technical descriptions of which are captured in TR 38.844. However, as extensively discussed during last meeting, companies do not have the same view on several features related to the core functionality, which effectively does not allow RAN WG4 to progress further on potential solutions for irregular channels. This issue was raised first during the TSG RAN#96 meeting [2], and the RAN guidance was to focus on clarifying key open issues. 
During the RAN WG#104 meeting, companies were able to reach several agreements on the channel bandwidth size broadcast in SIB1 and signalled to the UE in the dedicated (re-)configuration messages. At the same time, there are still quite divergent views, especially on the channel placement and its alignment on the 100kHz raster. Thus, in this discussion paper we present a quick overview of open issues presenting our view on anticipated UE behaviour and which potential enhancements can be considered for Rel-18.  
2	Key open issues for irregular channels
As already mentioned in the Introduction part, RAN WG4 has been working on identifying potential solutions to utilise spectrum blocks that are not aligned on the 5MHz boundary, i.e., the ones which do not correspond to any standard channel bandwidth defined in TS 38.101-1. And while a good technical progress was made for each solution, companies were not able to reach the conclusion on the efficiency of each method because there is no common view on whether the Rel-15 core supports certain functionalities and whether all UEs will have a predictable behaviour in certain (re-)configuration cases. 
Based on the technical discussions that took place during the previous RAN WG meeting, remaining open issues can be summarised as follows:
-	Channel raster alignment on the 100kHz raster.
-	UE channel bandwidth selection during initial access. 

2.1	Channel raster alignment on 100kHz
All FR1 low-frequency bands have channel raster in steps of 100kHz defined as the global raster (5kHz) x 20. And the RAN2 signalling also uses the global raster of 5kHz. So, purely from the signalling perspective there is nothing that prevents the network from configuring channels with the 5kHz accuracy. As indicated by several companies during RAN WG4 discussions, it can provide additional benefits of aligning channels on the required frequency point so that they are either RB or at least sub-carrier aligned. 
One exemplary benefit of allowing carriers on the non-100kHz raster is presented in Figure 2.1-1 below for the 7MHz irregular channel. If, for the sake of example, we assume overlapping carriers from the network perspective as potential solution, then the first and the second carrier must have offsets in multiple of 900kHz, whereupon 900kHz is the common multiplier between the 100kHz raster and 180kHz RB size. So, for the 7MHz channel we can shift the second carrier by 1800kHz, i.e., 10RBs; but the resulting guard bands will be noticeably larger than the minimum requirements for the 5MHz carrier. If there is a way to put the carrier on the non-100kHz raster, then the second carrier can have offset of 1980kHz, i.e. the overall system capacity can be increased to 36 RBs still ensuring the minimum guard-band requirements of the 5MHz carrier.  
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Figure 2.1-1: Exemplary usage of overlapping carriers with 100kHz and non-100kHz alignment (7MHz irregular channel).

Furthermore, as indicated by several companies, if we allow having channels on non-100kHz raster for both SIB1 and the dedicated UE channel bandwidth, then an operator will have a greater flexibility of configuring dedicated UE channels of different size within the broadcast SIB1 channel. Otherwise, it might be difficult (and sometimes even impossible) to configure the dedicated UE channel bandwidth so that it is aligned on the 100kHz raster and at the same time is the RB aligned with what SIB1 broadcasts.  
Nevertheless, several companies raised a concern that current specifications clearly say that low-frequency FR1 bands should be on the 100kHz channel raster and there is no guarantee that all UEs will behave correctly if the channel is not on the 100kHz raster. From that perspective it is preferrable not to break functionality of the legacy devices and keep the principle of the 100kHz raster alignment. Even if devices can camp on the cell SIB1 channel of which is not 100kHz aligned, there is always a risk that some UE implementations will follow strictly the 100kHz raster requirement and thus will fail camping on the cell and/or will be rejecting re-configuration messages. From that perspective the prudent network configuration will ensure that SIB1 channel bandwidth is on the 100kHz raster.
As for Rel-18, it is possible to consider the corresponding "relaxation" so that the 100kHz raster alignment is not mandated at least for the dedicated UE channel bandwidth. The main rationale behind this approach is that since SIB1 channel bandwidth is broadcast for all UEs, there is almost no option but to configure SIB1 channel on the 100kHz raster ensuring that all devices will at least camp on the cell. Once the network knows UE capabilities, it can decide whether the dedicated UE channel bandwidth should stay on the 100kHz raster (for legacy devices) or can be re-configured to a non-100kHz raster channel. Referring back to Figure 2.1-1 as an example, the network can configure two overlapping carriers in accordance with the 100kHz requirement and these carriers will serve legacy devices. And since the network is aware of the UE capabilities, it can always consider configuring the third overlapping carrier on the non-100kHz raster after the UE completed the attachment procedure through the legacy carrier. This way the network can handle both legacy and new devices and it will be the network scheduler responsibility to decide how to schedule resources over three overlapping carriers.  
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2.2	UE channel bandwidth selection during initial access
One of the issues raised during previous RAN WG4 discussions is a potential ambiguity on which channel bandwidth a UE will/shall apply while performing the initial access procedure. As an example, suppose that a UE supports 30 and 40MHz Rel-15 channels for a particular band, but the network broadcasts 35MHz in SIB1 as the channel bandwidth. Since 35MHz is a new channel bandwidth from the legacy UE implementation perspective, it is not clear which channel bandwidth and the associated RF requirements a UE will apply. As mentioned in [3] for the initial access, "the UE will configure itself with a channel BW that is larger or equal to the initial BWP and narrower or equal to the channel bandwidth advertised in SIB1". In fact, this is also what RAN WG2 procedural text specifies for the UE behaviour. However, this approach may lead to completely different externally observable UE behaviours if the initial bandwidth part is set to much a lower value. While one UE implementation may choose RF requirements associated with the bandwidth part size (or the next larger standard channel), another UE implementation may activate RF requirements associated with the SIB1 channel bandwidth (or the next smaller standard channel). 
As an example, band n26 is in the scope of the irregular channel bandwidth SI scope. And this band has NS_14 flag, which will set quite different A-MPR values depending on the channel bandwidth and its location. So, if there is an uncertainty about how a UE selects the channel bandwidth and where it is, then it may even lead to failed regulatory requirements. There are other bands which have quite diverse A-MPR values. For instance, band n1 and associated NS_05 define A-MPR values ranging from 13dB to 1dB depending on the channel bandwidth and where it is. And even though band n1 is not in the scope of this SI, this band might face the same issue when a UE resorts for choosing the channel bandwidth for the initial access.
Based on these considerations our view is that RAN WG4 should clarify how a UE should select channel bandwidth for the initial access as it may impact a lot the resulting UE behaviour. 
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3	Conclusions
In this discussion paper we have presented our understanding of existing key open issues in the SI and how they can be resolved. As a summary of the paper, we suggest keeping the 100kHz raster alignment for the legacy devices, but we are open to introduce enhancements in Rel-18. As an example, the UE dedicated channel bandwidth can be made more flexible in Rel-18. 
In addition, we raise the concern of the selecting the UE channel bandwidth during the initial access. Since some 3GPP bands have quite diverse A-MPR values depending on the channel size and its location, UEs may end up applying quite different RF requirements upon the initial channel access.
Proposal 1a:	For the legacy UEs, both SIB1 and the dedicated UE channel bandwidth of FR1 low-frequency bands must be on the 100kHz raster.
Proposal 1b:	For Rel-18, it is possible to consider further enhancements that the dedicated UE channel bandwidth of FR1 low-frequency bands can be on non-100kHz raster.
Proposal 1c:	It is up to the network configuration and deployment to ensure how legacy and new UEs can be configured.
Proposal 2:	RAN WG4 should clarify which channel bandwidth (and associated RF requirements) a UE should use while performing initial access procedure.
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