3GPP TSG RAN WG1 #104b-e


                                   R1-2103442
e-Meeting, April 12th – 20th, 2021
Agenda Item:
8.2.1
Source:
AT&T
Title:
Further Discussion of Initial Access Aspects 
Document for:
Discussion
1 Introduction

During RAN #90e a new work item on extending current NR operation to 71 GHz was agreed [1]. Amongst others, the following objectives were included:
	· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.


The objectives above that the WID leaves for further study were the subject of much debate during RAN1 #104e [2] and RAN #91e [3] but despite extensive discussions both by email and in several GTW sessions, the proposals by the moderator in [2], duplicated below, were ultimately not agreeable. 
	Moderator Summary of Discussions #2

Suggest to further discuss with Proposal #1.2-2, 1-2-3, and 1-2-4 as it contains all the components debated issues and could be modified as such during further discussions.

In Proposal 1-2-2, one of the debated components is whether or not to remove the yellow highlighted FFS (2nd bullet of 1-2-2). Similar concern is on the second bullet of Proposal 1-2-4. The primary concern for support of 480/960kHz for initial access seems to be around added complexity, while proponents of the proposal claim enablement of single numerology operation is important and complexity can be managed as 480/960kHz SCS are optional where not all Ues will be required to support.

Proposal 1-2-3 is clarification of scope of initial access and non-initial for SSB.

Moderator’s suggest discussing proposal #1.2-2, 1-2-3, and 1-2-4 further.

Proposal #1.2-2

· Support 480kHz and 960kHz SSB SCS for non-initial access cases
· FFS: support one or more of 240, 480, 960 kHz SCS SSB for initial access cases

· FFS: support 240 kHz SCS SSB for initial and non-initial access cases

Proposal #1.2-4

· Support 480kHz and 960kHz SSB SCS for non-initial access cases
· FFS: support 480 kHz and/or 960 kHz SSB SCS for initial access cases

· FFS: support 240 kHz SCS SSB for initial and non-initial access cases

Proposal #1.2-3

· “SSB in non-initial access” here refers to:
· All cases when UE can be provided with assistance information. For example:
· SSB in Scell, where gNB is able to provide assistance information such as reconfiguration with sync (e.g. SSB center frequency, SCS, etc)

· SSB for neighbor cell RRM measurements, where information is provided by gNB).

· Cell re-selection, e.g. in priority-based re-selection, where the neighboring carrier assistance is provided

· “SSB in initial access” here refers to

· All cases when UE cannot be provided with assistance information. For example:
· SSB used for “Cell Selection” defined in TS38.133 Section 4.1, which includes stored information cell selection and initial cell selection.


However, it was agreed to conclude this topic at this upcoming RAN1 meeting: 
	Agreement:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.


In this contribution we argue why all objectives above are needed for NR operation between 52.6-71 GHz.
2 Further Discussion of Initial Access Aspects
Mixed numerology deployments have been supported in NR since the very first release. Specifically for initial access, 
· 30 kHz SCS may be deployed for SSB in FR1 such that four symbols carrying SSB can be multiplexed into two consecutive OFDM symbols without cell-specific reference signals of the E-UTRAN for the purpose of dynamic spectrum sharing (DSS) at 15 kHz SCS
· 240 kHz SCS may be deployed for SSB in FR2 in order to limit the beamsweeping overhead by shortening the OFDM symbol duration of SSB transmissions 

While these deployments are feasible per the NR specifications, they both don’t see widespread deployment, if any, and that is because they come at a considerable cost. The simultaneous support of multiple numerologies, where said numerologies are frequency division multiplexed with (partially) overlapping OFDM symbols in the same slot, is costly from an implementation and hardware perspective and thus almost always avoided. More commonly, multiple numerologies are time division multiplexed such that at any given time, the transmitter/receiver is only using one numerology. While such an avoidance of simultaneous usage of multiple numerologies circumvents the aforementioned implementation and hardware complexities, dividing resources in time for different numerologies comes with its own complexities and drawbacks such as increased overhead and latencies. Because different numerologies are used in different time instances for different purposes—for instance data transmission/reception and reference signal transmission/reception for measurements—which are mutually exclusive, measurement gaps need to be specified to allow coordination of different numerologies at different times. For example, when a UE is receiving SSB transmissions for RRM purposes, said UE cannot receive data due to its limitation to a single numerology at a given time. Hence, it is evident that for both single carrier and intra-band multi-carrier deployments regardless of time or frequency division multiplexing of multiple numerologies a myriad of complexities arise during every step of the system design and operation, from standardization, to implementation, to orchestrating the resources during actual deployment which result in additional and unnecessary costs and performance impairments.
Observation 1: For both single carrier and intra-band multi-carrier deployments regardless of time or frequency division multiplexing of multiple numerologies a myriad of complexities arise during every step of the system design and operation, from standardization, to implementation, to orchestrating the resources during actual deployment which result in additional and unnecessary costs and performance impairments 

For this very reason, when 3GPP standardized NR-U in Rel. 16 and discussed the introduction of 60 kHz SCS for SSB, the following was agreed early on in the development stage:
	Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands

· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· Common interlace structure

· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands

· FFS: PRACH benefits

· FFS: same numerology for DL and UL considering switching gap


The exact same agreement should be applied to NR beyond 52.6 GHz for the very same reasons discussed in Rel. 16 for FR1. 
The question then is how many and which subcarrier spacings should be supported for all signals and channels that can be transmitted above 52.6 GHz? Per the work item description in [1] the choices are 240kHz, 480kHz, and 960kHz. 

Since 120 kHz SCS readily supports the requirements above, it is sensible to introduce one additional SCS for all signals and channels that sufficiently differentiates itself from 120 kHz. We think 240 kHz does not fulfil this requirement leaving 480 and 960 kHz as potential candidates both of which have their own merits. In our opinion, two system designs should be specified, one at 120 kHz and one at either 480 or 960 kHz whereby both the former and latter can be operated with a single numerology for all signals and channels at all times. Since this leaves the other numerology, either 960 or 480 kHz, specified without support for SSB, said third subcarrier spacing—in addition to the two with SSB specified—can be thought of as analogous to 60 kHz in FR1 which also doesn’t support SSBs which we believe is fine.
Note that the argument that both 480 and 960 kHz could be considered as analogous to 60 kHz in FR1 is flawed because practically, this limits real world deployments to only 120 kHz for all signals and channels. We strongly feel operators should be given the choice between 120 kHz and one new subcarrier spacing for all signals and channels because 

· Only single numerology systems are expected to be widely deployed

· 120 kHz systems offer fast time to market due to their similarity to existing mmWave deployments 

· New, larger subcarrier spacings remain available as option without mandating the use of mixed numerologies  

Proposal 1: Specify one additional SCS (either 480kHz or 960kHz) for initial access related signals and channels in the initial BWP

Lastly, we don’t see merits in distinguishing between use cases for initial access and use cases other than initial access. Once RAN1 agrees to design SSBs for a new subcarrier spacing for one use case, the additional specification impact to enable all use cases is marginal and should be pursued in light of the considerations to system performance and implementation complexities above. 
Proposal 2: The same subcarrier spacings are specified for initial access related signals and channels in the initial BWP and cases other than initial access.

3 Conclusion

In this contribution it was argued why all objectives pertaining to initial access should be specified for NR operation between 52.6-71 GHz.  The following is observed and proposed: 
Observation 1: For both single carrier and intra-band multi-carrier deployments regardless of time or frequency division multiplexing of multiple numerologies a myriad of complexities arise during every step of the system design and operation, from standardization, to implementation, to orchestrating the resources during actual deployment which result in additional and unnecessary costs and performance impairments

Proposal 1: Specify one additional SCS (either 480kHz or 960kHz) for initial access related signals and channels in the initial BWP
Proposal 2: The same subcarrier spacings are specified for initial access related signals and channels in the initial BWP and cases other than initial access.
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