	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 NR Ad-Hoc#2	R1-1710761
Qingdao, P.R. China 27th – 30th June 2017
[bookmark: Source]Agenda item:	5.1.7
Source:	Samsung
Title:	Wider Bandwidth Operations
Document for:	Discussion and decision
1 Introduction
RAN1 concluded from NR SI that maximum channel bandwidth per NR carrier is 400 MHz in Rel-15 and the maximum number of NR carriers for CA and DC is 16 from RAN1 specification perspective. In the context of NR wider bandwidth operation, two aspects are considered; 1) UE RF bandwidth adaptation, 2) Coexistence among narrow band UEs (NB UEs), CA UEs and wideband UEs (WB UEs) within a wideband NR carrier. The primary benefit for UE RF bandwidth adaptation is UE power saving [1]. Supporting multiple UE types/categories within a wideband NR carrier allows implementation flexibility. RAN1 introduced bandwidth part (BWP) to support NR wider bandwidth operation. A BWP consists of a group of contiguous PRBs and is associated with a specific numerology (sub-carrier spacing, CP type).
2 Transition time for bandwidth adaptation/bandwidth part activation
According to RAN4 response LS [2; R1-1704179], the transition time (RF aspects) at least for sub-6GHz can be;
· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation
· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation
· Up to 900 µs for inter-band operation
RAN4 also has the opinion that for single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation. For multiple-carrier operation, the waiting time for reference signals for AGC settling is additionally required.
In terms of BWP, RAN1 has reached following agreement for PDCCH and corresponding PDSCH transmission:
	RAN1#89 agreement:
· 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) 


Based on RAN4 feedback, the value of K (the number of symbols between PDCCH ending and PDSCH starting point) with respect to the UE assumption of BWP should reflect above transition time for intra-band operation. In addition, for a given total transition time, K can be derived differently according to numerology (SCS).
Observation 1: The value of K should reflect the transition time provided by RAN4, e.g., up to 200µs RF transition time for intra-band operation and it depends on numerology.
3 Bandwidth parts (BWPs)
1 
2 
3 
Default BWP definition and configuration
In case BWPs are configured, default BWP would enable following operation:
· fallback operations if the indication of active DL/UL BW part is missed by a UE
· DRX operation or IDLE mode operation, e.g. UE monitors PDCCH or paging messages over it
The size of the default BWP can be same as the minimum channel BW supported by all NR UEs. Default BWP can be UE specific such that load balancing can be achieved. For TDD, the DL and UL may share the same location of default BWP while for FDD, default DL and UL BWPs may be independent. For example, UE1 reads SS block in BWP1 for initial access, and this UE assumes the BWP1 as default initially; UE2 reads SS block in BWP2 for initial access, and this UE assumes the BWP2 as default initially. In this case, the default BWP is the BWP UE has read SS block in. Later on, the network may decide to turn off SS block in BWP2, e.g., for load balancing purposes, and may request UE2 change its default BWP location.
Proposal 1: Support UE specific default/anchor BWP.
Proposal 2: No indication regarding BWP (or default BWP) is needed in PBCH and during initial access phase. 
Proposal 3: The size of the default BWP can be same as the minimum channel BW supported by all NR UEs. 
Multiple active BWPs 
For multiple bandwidth parts, one remaining issue is whether or not multiple BWPs with same or different numerologies can be active for a UE simultaneously. From a CA UE perspective, it is straightforward to support multiple active BWPs simultaneously within a wideband NR carrier. In general, both contiguous and non-contiguous BWPs can be activated. Once multiple BWPs are activated, a UE can receive PDSCHs from multiple active BWPs simultaneously. Also, a UE can measure CSI-RS from an active BWP while receiving PDSCH from another active BWP.
Proposal 4: Support multiple active BWPs for a UE.
Indication of multiple active BWPs
Three options were identified for the indication of active DL/UL bandwidth part(s):
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
For Option#1, explicit DCI can indicate the center frequency or starting RB of the configured BWP to be activated. Implicit method can work when the UE fallbacks, e.g., by associating resource allocation filed in scheduling assignment. A typical example of MAC CE based signaling (Option#2) is LTE Scell activation/deactivation command for CA operation. Time-pattern based mechanisms such as SPS-like or DRX-like may also be used. However, it may cause more power consumption since un-necessarily turning on BWP for some time. 
Regardless of above options, upon gNB indication of active BWP(s), UE confirmation would be needed in order to avoid any potential misalignment between gNB and UE.
In order to accommodate the transition time for UE bandwidth adaptation/BWP activation, the timing gap between UE reception of the indication and its application should be wide enough. The minimum required timing gap would depend on specific operation scenario. For example, as RAN4 pointed out, the total transition time should include AGC settling time in case of multiple-carrier operation. Flexible timing control can be supported via timing indication in the DCI (both same-slot and cross-slot scheduling).
Further, slot format may impact the timing. For instance, when slot n contains both DL and UL part and UE receives the indication of bandwidth adaptation at slot n, the UE may need to suspend the bandwidth adaptation until the end of UL part for potential UL transmission.
The signaling aspects for bandwidth adaptation/BWP activation are tightly coupled with control channel design and scheduling/HARQ operation. As RAN1 already agreed to support the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information, bandwidth adaptation/BWP functionality should be taken into account when the signaling details are specified. 
Proposal 5: Bandwidth adaptation/BWP functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
TB to BWP mapping
It was questioned how to map TB to BWP in case of multiple active BWPs. Table 1 summarizes the attributes for each alternative. Alt.1 has a similarity with CA operation, e.g., each BWP works like individual CC. In terms of HARQ operation, both alternatives may have an implication to RAN2, e.g., the relationship among HARQ entity, BWP, and serving cell.
Observation 2: Joint RAN1 and RAN2 efforts are required to determine TB to BWP mapping for multiple active BWPs within a wideband NR carrier.
Table 1: Alternatives for TB to BWP mapping in case of multiple active BWPs
	
	TB to BWP mapping
	Signaling overhead

	Alt.1
	1:1
(TB mapping is confined within a BWP)
	High
(requires multiple scheduling grants & ACK/NACKs)

	Alt.2
	1:N
(TB mapping crosses multiple BWPs)
	Low
(requires single scheduling grant & ACK/NACK)


4 Co-existence of multiple UE types within a wideband NR carrier
4 
PRB grid alignment
As per RAN1#89, same PRB grid structure for a given numerology is assumed for NB UEs, CA UEs and WB UEs within a wideband NR carrier. This is crucial for WB and NB UEs co-existence with multiplexing efficiency, for instance to support MU-MIMO. The issue becomes more prominent for multiple numerologies used by WB and NB UEs. However it is not clear if any more new issues arise due to wideband operation as compared to the normal PRB grid alignment issue being discussed in NR. Figure 1 illustrates two potential alternatives and can be used for wideband as well. Since a NB UE may not know the WB UE operations and the system BW, it seems more flexible to support Alt.2 for PRB grid alignment. 
Proposal 6: Support Alt 2 for PRB grid alignment in wideband system design. 
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	Alt 1: Aligned at end of frequency
	Alt 2: Aligned at center of frequency


Figure 1: Alternatives for PRB grid alignment
PRB indexing
For PDSCH transmission, three types of resource allocation are specified in LTE. No matter which resource allocation type is chosen, it is carried out based on PRB index which is automatically decided by operating CC BW, e.g., 20MHz CC BW has 100 PRBs. In NR, however, there could be various candidates which can be a baseline of PRB indexing range such as WB CC, NB CC, and BWP. Hence, we provide our view below according to the candidates and discuss pros and cons regarding them. 
4.1.1 Scenario 1: PRB indexing per WB CC (Common PRB indexing)


Figure 2: PRB indexing per WB CC
In this scenario, all UEs connected to gNB are allowed to have same PRB indexing regardless of their BW capability as shown in Figure 2. It seems to be the simplest way to resolve PRB indexing issue for wider bandwidth operations. All UEs know one PRB index based on WB CC so that RS sequence and RBG grid can be generated over the PRB index. However, there may be an unnecessary DCI overhead issue that even if a UE capable of only small BW is configured to narrow band CC and activated to narrower BWP, DCI length for the UE is the same as that of WB UE. Further, if VRB-to-PRB distributed mapping for type 2 is used, the UE cannot have PRBs confined in configured NB CC or activated BWP since all VRBs are randomly interleaved within WB CC. 
Observation 3: In scenario 1, PRB indexing per WB CC seems simple to design, but there might be DCI overhead issue and VRB-to-PRB distributed mapping issue.
4.1.2 Scenario 2: PRB indexing per configured CC


Figure 3: PRB indexing per configured CC
In this scenario, each UE operates as a LTE UE on its configured CC. Compared to Scenario 1, DCI overhead can be reduced, but RS sequence generation between different CCs issue may arise. In addition, it still has VRB-to-PRB distributed mapping issue when activated BWP is smaller than the configured CC. 
Observation 4: In scenario 2, PRB indexing per configured CC has reduced DCI overhead compared to Scenario 1, but it causes RS sequence generation issue and VRB-to-PRB distributed mapping issue.
4.1.3 Scenario 3: PRB indexing per activated BW


Figure 4: PRB indexing per activated BW part
In this scenario, whenever different BW part is activated to a UE, the UE is newly assigned to its PRB index. Then, there seems no DCI overhead issue as well as distributed mapping issue. However, if one CORESET serves multiple BWPs with different BW size like cross carrier scheduling, there could be a blind decoding overhead issue due to different DCI length caused by different size of BWPs. Also, RS sequence generation issue still remains.
Observation 5: In scenario 3, PRB indexing per activated BWP has no DCI overhead and VRB-to-PRB distributed mapping issue, but it has blind decoding overhead issue when one CORESET serves multiple BWPs. Also, RS sequence generation issue still remains.
RS sequence generation
For the case of RS generation, PRB indexing impacts UE multiplexing. In LTE, the reference signal generation starts from RB 0 and is done until  which covers the full system BW (which is also the UE BW). 
However, an NR UE BW may be much less than the system BW. Unlike WB UE, NB UE may not know the WB configuration of the wideband NR carrier. The following options are identified for the case of RS generation, scrambling sequence design and related parameters. 
Since every RS is generated as a function of PRB index in LTE, RS sequence generation issue is closely related to PRB indexing issue. For example, CSI-RS sequence in LTE is generated as follows and is shown in Fig x (a):
[image: ]
where  is slot number,  is pseudo-random sequence, and  is OFDM symbol number. Note that  is PRB index number. In case of Scenario 1 in section 4.2.1, there may be no specification impact since all UEs have common PRB index and RS sequence is generated based on it. However, in other cases, since PRB index perceived by each UE is different, RS sequence sharing between UEs is impossible without additional signaling. Therefore, in order to share RS sequence, RS sequence generation should be changed. In this section, a fragmented RS sequence generation is introduced. Instead of using PRB index number  directly,  is used as an input variable for the defined sequence generator  where .  is the number of PRBs of a fragmented RS sequence. Then, the fragmented RS sequence with the length of M PRBs is repeated over entire system BW as shown in Figure 5 (b). It is beneficial that when signaling for PRB index number offset is needed to share RS sequence between UEs, the modulo operation can help to reduce the signaling overhead. 


Figure 5: RS sequence generation for wider band operations
Therefore, if LTE mechanism is used as in Figure 5 (a), then a NB UE can choose the part of the sequence within its BW and then perform measurements. One potential implication is that the NB UE should know the entire system BW even though the NB UE would stay in a specific narrowband only. If the mechanism in Figure 5 (b) is used, then a narrowband UE can be used as reference for generating the RS sequence mapping for the entire BW. This narrowband can be the BW supported by all NR UE’s. However, in such a design it should be further studied how a UE’s whose BWP allocation falls across 2 such BW over which the narrowband RS sequence is repeated. Additionally, the following mechanisms may also be considered for RS generation a) from the center of the wideband carrier b) a default SS block location.
Proposal 7: Further analyze the pros and cons of the various RS sequence generation mechanisms from overhead, UE multiplexing and related issues perspective. 
CSI-RS Mapping
CSI-RS mapping should be specified both on wideband and narrow band manner. A CSI-RS transmission can be over the full DL BW (except for potential reserved resources) and a UE can measure CSI over a BW part when the UE retunes to the BW part (both are supported in NR). A CSI-RS transmission can also be only over the BW part where the UE is retuning. From the UE perspective, if CSI-RS measurements are mandated to occur only within the BW part, the two approaches are equivalent and can be handled by implementation. A narrow band UE may secure only sub-band measurements of a wideband RS and a CA UE may not make full use of wideband RS depending on the BWP configuration. While the sub-band measurements may be degraded when considering one-shot measurements, the measurement accuracy can be improved by obtaining measurements for a longer period of time.
Proposal 8: Support both narrowband and wideband CSI-RS mapping. 
PRB Bundling
As per last meeting agreements, the PRG size may depend on RBG size, or other values based on bandwidth part, and/or scheduled bandwidth and/or UE capability. In LTE, the PRG size was defined based on the RBG sizes as it was more appropriate to define the pre-coding vectors. A similar design may be followed in NR. Since the RBG size may depend on the configured BWP sizes (as indicated earlier and may be indicated via DCI), the PRG size may directly or indirectly depend on the configured BWP size. Of course it should be taken care to consider the case of multiple BWP configuration. Furthermore, when a WB and NB UE are multiplexed for MU-MIMO purposes, the PRG sizes may be defined commonly for both these UEs and be indicated via UE specific signaling. For instance, in LTE when the RBG size was 3, the PRG size 3 was chosen over 2 to have scheduling flexibility. Similarly, the PRG sizes of both WB and NB UE should be taken into account and the appropriate PRG size may be chosen and indicated. 
Proposal 9: PRG and RBG sizes may be chosen based on the WB and NB UE multiplexing and indicated to the WB UE if constrained by the NB UE behavior.
5 RRC Parameters
The following RRC parameters are identified for the wideband operations: 
· BWP configuration
· Additionally, active BWP among the configured BWP can be indicated via DCI/MAC CE/Time pattern (e.g., DRX). 
· Parameters of the SS block(s) [2]:
· It can be indicated via RRC signaling in the connected mode. The indication allows a UE to rate match around the SS block locations. A narrow band UE may be informed of the other SS block locations for its RRM measurements by providing retuning gaps. The indication of default SS block (and default BW part) would be needed for idle mode and fallback mode operation. 
· RS for RRM measurements:
· NB (or WB) SS blocks (i.e., 1 or multiple SS blocks) along with NB (or WB) CSI-RS combinations
6 Summary
Based on above discussion for NR wider bandwidth operations, we have following observations and proposals:
Observations
Observation 1: The value of K should reflect the transition time provided by RAN4, e.g., up to 200µs RF transition time for intra-band operation and it depends on numerology.
Observation 2: Joint RAN1 and RAN2 efforts are required to determine TB to BWP mapping for multiple active BWPs within a wideband NR carrier.
Observation 3: In scenario 1, PRB indexing per WB CC seems simple to design, but there might be DCI overhead issue and VRB-to-PRB distributed mapping issue.
Observation 4: In scenario 2, PRB indexing per configured CC has reduced DCI overhead compared to Scenario 1, but it causes RS sequence generation issue and VRB-to-PRB distributed mapping issue.
Observation 5: In scenario 3, PRB indexing per activated BW part has no DCI overhead and VRB-to-PRB distributed mapping issue, but it has blind decoding overhead issue when one CORESET serves multiple BW parts. Also, RS sequence generation issue still remains.
Proposals
Proposal 1: Support UE specific default/anchor BWP.
Proposal 2: No indication regarding BWP (or default BWP) is needed in PBCH and during initial access phase. 
Proposal 3: The size of the default BWP can be same as the minimum channel BW supported by all NR UEs.
Proposal 4: Support multiple active BWPs for a UE.
Proposal 5: Bandwidth adaptation/BWP functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
Proposal 6: Support Alt 2 for PRB grid alignment in wideband system design. 
Proposal 7: Further analyze the pros and cons of the various RS sequence generation mechanisms from overhead, UE multiplexing and related issues perspective. 
[bookmark: _GoBack]Proposal 8: Support both narrowband and wideband CSI-RS mapping. 
Proposal 9: PRG and RBG sizes may be chosen based on the WB and NB UE multiplexing and indicated to the WB UE if constrained by the NB UE behavior.
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