3GPP TSG RAN WG1 NR Ad-Hoc#2                                                                 R1-1711131
Qingdao, P.R. China 27th – 30th June 2017
Source:
NTT DOCOMO, INC.
Title:
Remaing issues on wider bandwidth operations for NR
Agenda Item:
5.1.7
Document for: 
Discussion and Decision

1. Introduction

At the 3GPP RAN1#89 meeting, issues were discussed related to wider bandwidth (BW) operations such as BW part, co-existence of narrow-band (NB) UE, carrier aggregation (CA) UE and wide band (WB) UE, and PRB indexing. The work plan [1] instructs the following topics to be discussed in the context of wider BW operation.
	· Open issues to be discussed under wider BW operation agenda in RAN1#NR-Adhoc 2 (in June)

· Remaining issues on BW parts

· Issues related to coexistence NB UE, CA UE, and WB UE, e.g., 

· RS sequence generation

· PRB grid alignment and PRB indexing

· Email discussion on RRC-parameters related to above after Ad-hoc meeting


Based on the work plan, in this contribution, we discuss the above remaining issues to finalize features which are specific to wider BW operation.
2. Clarification for Coexistence of CA UE and WB UE
At the 3GPP RAN1#88bis meeting, it was agreed to support UEs with wideband CC and UEs with intra-band contiguous CA in a wideband CC simultaneously as indicated below.

	Agreement:
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands


From the agreement, both UEs with a single wideband CC (Type A UE) and UEs with intra-band contiguous CCs with CA (Type B UE) can coexist without or with minimum amount of guard band (GB) in the same time slot, which hasn’t been supported in LTE. The above agreements may imply that NW needs to support single carrier-like operation for Type A UE and CA-like operation for Type B UE from the initial release in order to ensure forward compatibility. However, support of different types of UEs (e.g., 1 x 400 MHz, 2 x 200 MHz, and 4 x 100 MHz) from the beginning complicates the gNB implementation even though some of those UEs may not be appeared even in the future commercial deployment. Hence, it is highly desired to unify the NW operations regardless of different types of UEs, i.e., types of UEs are transparent to the NW. From the physical layer perspective, gNB needs to be aware of the boundary of CCs since the boundary has impact on PRB bundling, CSI measurement for the DL and DFT-s-OFDM for the UL. However, from higher layer perspective, NW operation would be simplified if single carrier is always assumed. In order to achieve this, a simple approach is to allow a TB to be mapped over multiple CCs (we call TB BW) as shown in Fig. 1. Based on the above discussion, we propose the followings.
Observation 1: It is highly desired that the number of CCs is transparent to the gNB in the context of wider BW operation
Proposal 1: Clarify that support of UEs with intra-band contiguous CCs in wider BW operation doesn’t necessarily mandate gNB to support CA functionalities with intra-band CCs.

Proposal 2: For a BW of up to the maximum channel BW (i.e., 400 MHz for carrier frequency of above 6 GHz), a single TB is mapped over multiple aggregated CCs no matter how many CCs are supported by UE.
Proposal 3: For a BW of beyond the maximum channel BW (i.e., 400 MHz for carrier frequency of above 6 GHz), multiple TBs are further supported no matter how many CCs are used by UE.
Proposal 4: UE reports boundary of CCs
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Figure 1 – Relationship among system BW, CC BW and TB BW.

3. Remaining Issues on BW Part

It was agreed to support BW part per CC at the RAN1#88bis and the following details on BW part were further agreed upon at the RAN1#89 meeting.
	Agreements:
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching
Agreements:
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS


According to the discussion in Sect. 2, if a TB is to be mapped over multiple CCs, each TB can be also mapped over multiple bandwidth parts of multiple CCs.
Proposal 5: A TB can be mapped over multiple bandwidth parts.
The main motivation for configuring BW part that is narrower than CC BW supported by UE is to reduce power consumption of the UE. If there is no data, a UE only needs to monitor the BW for CORESET. If the UE detects DCI in the CORESET scheduling the data, UE may adapt and monitor the BW for the NR-PDSCH reception and NR-PUSCH transmission. If the RF retuning is required, a retuning gap should be known to the gNB. When data transmission is completed and if DCI scheduling data is not detected for a certain period of time, UE will adjust BW to only monitor CORESET. In this procedure, the BW for CORESET can be regarded as the first BW part and the BW for the NR-PDSCH/NRPUSCH may correspond to the second BW part, i.e., the first BW part configuration can be substituted by the CORESET configuration while the second BW part is adjusted by DCI. 
Observation 2: For BW adaptation between NR-PDCCH and NR-PDSCH/NR-PUSCH, the additional signaling to the UE may not be needed. The gNB would need to know an RF retuning gap
Proposal 5: UE reports UE capability for RF retuning if it can be different among UEs
We consider that even for different numerologies case, the above proposal can be applied. 
4. PRB Indexing
At the RAN1#89 meeting, the following progress was made.

	Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing


In this section, we discuss frequency location and PRB indexing for each channel.
(1) NR-PDCCH/NR-PDSCH for RSMI, Msg. 2, and Msg. 4
For resource allocation, UE may need to know the NW channel BW and the potential maximum BW of NR-PDSCH carrying RMSI as is the case with LTE. However, in NR, the frequency location of SS block is not necessarily at the center frequency of the NW channel BW. Hence, instead of or in addition to the NW channel BW, information on a relative frequency offset compared to reference frequency, e.g., NR-PDCCH scheduling RMSI, could be used for resource allocation of RMSI. Similar approach can be applied to Msg. 2 and 4. 

(2) NR-PUSCH/PUCCH during initial access
For the uplink transmission during the initial access procedure, e.g., Msg. 3, reference frequency will be indicated by PBCH, RMSI, etc. The BW for each uplink transmission during initial access corresponds to the BW that can be supported by all the UEs.
(3) NR-PDCCH/NR-PDSCH/NR-PUSCH after initial access
gNB acquires the UE capabilities including UE BW and the number of CCs after initial access. UE is configured with multiple CCs including the relative frequency offset for the CC compared to the reference frequency and CC BW. In our view, PRB indexing for NR-PDCCH, NR-PDSCH, and NR-PUSCH should be determined based on these configured CC(s). Alternatively, bandwidth part can be considered to define PRB indexing. However, as discussed in Sect. 3, we consider that explicit configuration of BW part is not needed. Even if explicit configuration of BW part is supported, the benefit is not so clear although the number of resource allocation bits may be reduced. Regarding the PRB indexing when configuring multiple CCs, there are alternatives. The first alternative is indexing PRB per CC and the second alternative is indexing PRB over multiple CCs. If a single TB can be mapped over multiple CCs, we have slight preference for the second alternative as one TB is scheduled by one DCI in a simple manner. 

The above discussion is also illustrated in Fig. 2.

Proposal 6: Consider the following PRB indexing for each channel

· For NR-PDCCH and NR-PDSCH for RSMI, Msg. 2, and Msg. 4, frequency location is derived from frequency offset with reference to the SS-block
· For NR-PDSCH for RSMI, Msg. 2, and Msg. 4, PRB is indexed within the BW supported by all UEs
· For the configured CC, frequency location is derived from frequency offset with reference to the SS-block

· PRB is indexed over multiple configured CCs and used for NR-PDCCH, NR-PDSCH, and NR-PUSCH
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Figure 2 – Frequency location and PRB indexing for each channel.

5. Conclusion
In this contribution, we presented our further views on remaining issues on the physical layer channel designs and procedures for wider bandwidth operation. Based on the discussion, we made the following observations.
Observation 1: It is highly desired that the number of CCs is transparent to the gNB in the context of wider BW operation

Observation 2: For BW adaptation between NR-PDCCH and NR-PDSCH/NR-PUSCH, the additional signaling to the UE may not be needed. The gNB would need to know an RF retuning gap

In summary, we made the following proposals.

Proposal 1: Clarify that support of UEs with intra-band contiguous CCs in wider BW operation doesn’t necessarily mandate gNB to support CA functionalities with intra-band CCs.

Proposal 2: For a BW of up to the maximum channel BW (i.e., 400 MHz for carrier frequency of above 6 GHz), a single TB is mapped over multiple aggregated CCs no matter how many CCs are supported by UE.

Proposal 3: For a BW of beyond the maximum channel BW (i.e., 400 MHz for carrier frequency of above 6 GHz), multiple TBs are further supported no matter how many CCs are used by UE.

Proposal 4: UE reports boundary of CCs
Proposal 5: UE reports UE capability for RF retuning if it can be different among UEs

Proposal 6: Consider the following PRB indexing for each channel

· For NR-PDCCH and NR-PDSCH for RSMI, Msg. 2, and Msg. 4, frequency location is derived from frequency offset with reference to the SS-block

· For NR-PDSCH for RSMI, Msg. 2, and Msg. 4, PRB is indexed within the BW supported by all UEs

· For the configured CC, frequency location is derived from frequency offset with reference to the SS-block

· PRB is indexed over multiple configured CCs and used for NR-PDCCH, NR-PDSCH, and NR-PUSCH
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