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Introduction
[bookmark: _Ref178064866]During recent RAN1 ad hoc on NR, signals needed for synchronization, initial access and paging were discussed [1]. In general, the approach in RAN1 has been to try to specify a default numerology for each carrier frequency in order to avoid excessive UE complexity. A number of agreements listed below demonstrate this approach
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
[..]
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting

In this contribution, we analyze the complications caused by supporting multiple numerologies for random access and paging from RAN2 point of view and propose to simplify the system design to avoid these.
Discussion
Recently, the concept of a default numerology per carrier frequency has been discussed in RAN1. Currently RAN1 is evaluating default numerologies for frequencies below and above 6 GHz, and is expected to conclude on a default numerology at least for the SS block (PSS/MBB/SSS and potentially TSS). Such a simplification clearly reduces the UE complexity, as the UE does not have to blindly detect the numerology used on a carrier. 
As analysed in [2], there are several RAN2 related consequences of supporting mixed numerologies on a carrier. Assuming that not all terminals support all numerologies (e.g. due to need to support low complexity terminals for machine type communication and other use cases), the network needs to ensure the different terminals are operated with a supported numerology. For connected mode UEs, this can be handled relatively easily. However, for idle mode UEs, the network is not aware of the UE capabilities, and in practice would need to duplicate all information (such as system information broadcast, random access and paging) using all numerologies supported by a carrier. In our opinion this duplication leads to excessive amount of system resources being used to support mixed numerologies. We also note that this in contrast to the design approach taken in RAN1.
Supporting mixed numerologies for idle mode UEs leads to duplication of system information, random access and paging resources 
Given that there is likely to be a default numerology for each carrier frequency, we would like to explore a similar approach from RAN2 point of view. In practice, this would mean that for each carrier frequency, the UE will need to be able to at least
1)	Read the minimum system information using default numerology. 
2)	Receive paging using default numerology. 
In addition, the network does not know the UE full set of capabilities during the initial access (until the reception of RRC Connection Setup Complete message). However, it’s possible to use special mechanisms to provide partial UE capabilities (such as supported numerologies) during initial access. For example, the NW may partition the random access preamble space to different numerologies. This allows the NW to know one supported numerology already in time for random access response. Alternatively, the UE may include information on preferred numerologies in RRC Connection Request, allowing the NW to use a preferred numerology for RRC Connection Setup. However, these mechanisms create significant extra complexity for the system, and would require significant gains for a relevant use case to justify them. Currently, we would prefer to continue using the default numerology also during initial access:
3)	Complete the random access procedure (transmission of random access preamble, reception of random access response, transmission of message 3 and reception of message 4) using default numerology. 
Note that the assumption to use default numerology initially does not prevent a later introduction of additional mechanisms to support e.g. narrow-band operation for new use cases. This can be done by introducing additional signals on existing carrier similar to e.g. NB-IOT introduction on LTE carriers (though one can hope that the forward compatible lean design of NR will make introducing new signals easier than for LTE).
After completion of the random access procedure, the network can configure the UE to operate with any numerology supported by the UE. Since the UE is likely to be able to receive the SS block using default numerology, this does not appear to bring a significant increase in the UE complexity, especially since the UE is not required to transmit or receive simultaneously. Based on this, we propose
[bookmark: _Toc473549829][bookmark: _Toc473550126][bookmark: _Toc473550887][bookmark: _Toc473551835][bookmark: _Toc473552420][bookmark: _Toc473559198][bookmark: _Toc473889648][bookmark: _Toc473204037][bookmark: _Toc473901727]Mixed numerologies on a single carrier are only supported in connected mode. Idle mode procedures (system information broadcast, paging and random access) always use default numerology.
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Based on the analysis in section 2, we propose the following:
Proposal 1	Mixed numerologies on a single carrier are only supported in connected mode. Idle mode procedures (system information broadcast, paging and random access) always use default numerology.

Text proposal corresponding to these proposals is given in Section 5. 
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[bookmark: _Toc472511663]A.2	User plane aspects
U-plane aspects (to be captured in sub-clause 5.2.1.1, 5.4 and 6):
-	NR UP protocol stack supports maintaining of multiple parallel "logical channels" that can be configured with different characteristics and priorities. (Note: use of the term logical channel does not imply the existence of an RLC).
-	From MAC perspective, it is preferable for NR to support only asynchronous HARQ in UL and DL.
-	MAC sub headers placement with respect to the MAC payload can be determined once the rest of the U-plane is more stable.
-	The ARQ will be supported in RLC. RLC adds an RLC SN.
-	Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled.
-	PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case).
-	RAN2 should consider both the processing of both the transmitter and the receiver when evaluating whether to divert from the LTE-baseline.
-	SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (It does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.
-	The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc).
-	A UE can support multiple numerologies from a single cell in the connected mode. FFS whether this is modelled as 1 or multiple MAC entities.
-	A UE supports the default numerology for each supported carrier in the idle mode.
-	RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.
-	It is FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes, which could be discussed in the stage-3 work.
-	It is FFS whether Reordering of complete PDCP PDUs for a DRB can be disabled via RRC signalling, which only affects PDCP operation and could be discussed in the stage-3 work.



