[bookmark: _GoBack]3GPP TSG-RAN WG2 #104	 TDoc R2-1817970
Spokane, WA, USA, 12th – 16th November 2018

Agenda Item:	11.2.1.2
Source:	Ericsson
Title:	MAC Impact with Multiple Active BWPs
Document for:	Discussion, Decision

Introduction
[bookmark: _Hlk528065575]At RAN1#94bis, RAN1 has made agreements concerning options for wideband operation, which are highlighted as below
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
Among the four options, the first two options support multiple active BWPs for a UE within a wide carrier, while the other two options support single active BWPs for a UE within a wide carrier. RAN1 has further sent a LS to RAN4 asking the feasibility on above options [1]. Based on RAN4 response, RAN1 is going to down-select options. In the LS [1], RAN2 has also been asked to consider above options in the further work.
[bookmark: _Hlk528009272]Given the above status, we think it is necessary for RAN2 to analyse the potential impacts on MAC if NR-U adopts multiple active BWPs to achieve wideband carrier operation while waiting for discussion outcomes from both RAN1 and RAN4. RAN2 analyses can further assist RAN1 to down-select unnecessary options. We have already presented our views on wideband carrier operation focusing on how to perform LBT in another accompany contribution [2]. This paper focuses on analyses of the potential impacts on MAC if NR-U adopts multiple active BWPs (Options 1a/1b).
[bookmark: _Ref525832305]Discussions
In the existing HARQ procedure for NR licensed and LTE LAA, one HARQ entity is maintained per serving cell/carrier, The MAC entity includes a HARQ entity for each Serving Cell, which maintains a number of parallel HARQ processes. Each HARQ process supports one TB. Each HARQ process is associated with a HARQ process identifier. Each HARQ process is associated with a HARQ buffer.
[bookmark: _Toc525809949][bookmark: _Toc525832298][bookmark: _Toc525832318][bookmark: _Toc528066021][bookmark: _Toc528772938]In NR licensed and LTE LAA, one HARQ entity is maintained per serving cell/carrier.
If multiple active BWPs in a wideband carrier would be supported, we anticipate two possible schemes concerning management of the HARQ entity.
Scheme 1:  a single HARQ entity is maintained for operation of multiple active BWPs
In this scheme, a single HARQ entity is shared among all active BWPs. The allocation of processes on each BWP is fully up to gNB scheduling. While this would require small changes on the existing specs, the HARQ process ID space would be limited in this case. For instance, for a UE configured with 4 active BWPs (each of them has a bandwidth of 20 MHz), the HARQ process ID space may be limited especially when multiple PDSCHs/PUSCHs are scheduled in parallel. One solution is to increase the number of HARQ processes (the existing spec supports up to 16 HARQ processes), however, that may impact the design of PDCCH and PUSCH to cope with higher number of HARQ processes. 
[bookmark: _Toc525809951][bookmark: _Toc525832300][bookmark: _Toc525832320][bookmark: _Toc528066022][bookmark: _Toc528772939]In case a single HARQ entity is shared among all active BWPs, the HARQ process ID space would be limited.
Scheme 2: multiple HARQ entities are maintained for operation of multiple active BWPs
In this scheme, the UE has to be configured with multiple HARQ configurations (e.g., number of HARQ processes, pusch/pdsch-AggregationFactor, configured grant timer etc) and each HARQ configuration is associated with a different active BWP.  The introduction of BWP specific HARQ configuration requires more standardization efforts and would lead to backward compatibility issues
[bookmark: _Hlk528065883][bookmark: _Toc528066023][bookmark: _Toc528772940]In case a single HARQ entity is maintained per active BWP, HARQ configuration must be associated to each BWP, which requires more standardization efforts and have a risk of breaking backward compatibility.
In addition, if HARQ retransmission across BWPs is allowed to combat the LBT failures, the sharing of soft buffer information of the same TB across HARQ entities may be required, which would add even more complexity for HARQ management
[bookmark: _Toc528066024][bookmark: _Toc528772941]It is more complex to manage HARQ operation if HARQ retransmission across BWPs is allowed.
[bookmark: _Toc528066025]Power control and power headroom report
The power headroom is used to indicate how much transmit power is left accounting for transmit power already consumed by the ongoing transmissions: PHR  = P_max – P_used (dB), where PHR is the power headroom in dB, P_max and P_used is the maximum power allowed for UL transmission and total used power for UL transmission of the reference subframe. In any case, one PHR is calculated for whole component carrier.
P_used is calculated according to the power control scheme and parameters. The UE transmitter power for different types of channels follow different power control rules. Accordingly, LTE has defined Type 1, Type 2 and Type 3 PHR for PUSCH, PUCCH and SRS transmission respectively.  Wherein, Type1 PH is used when there is only PUSCH transmission in the reference subfame, Type 2 PH is used when there is simultaneous transmission of PUSCH and PUCCH in the reference subframe, while Type 3 PH is applied in case of radio frame type structure 2 without PUCCH or PUSCH transmission. Both Type 1 and Type 3 PHRs are supported in NR Rel-15, Type 2 PHR is down-prioritized in NR Rel-15 due to that simultaneous PUCCH and PUSCH is not supported in NR Rel-15.
When there are multiple active BWPs in one carrier, different BWP may be configured to serve different services with different QoS requirements. Then different power control loops and link adaption loops would need to be applied for transmissions over different BWPs in order to fulfill different QoS requirements:
· The power control parameters may be different for different BWPs. It has been discussed to support BWP specific power control in NR Rel-15. It has not been agreed partly due to a fact that a NR UE in Rel-15 supports up to one active BWP at a time. Support multiple active BWPs may therefore render the requirement/feasibility for NR-U to support BWP specific power control.
· The TPC command transmission error may be different for different BWPs since the PDCCH to schedule data transmissions of different services is subject to different BLER targets.
· The channel fading is different for different BWPs, a BWP with shorter TTI length suffers larger path loss variance.
· Each active BWP may have different transmission activities. For instance, one active BWP is transmitting PUSCH data, while another active BWP may be transmitting PUCCH. The PHR evaluation scheme and report procedure need to be improved to facilitate multiple BWP operation in one carrier.
If NR-U supports multiple active BWPs for a UE, RAN2 may have to support PHR per BWP since the existing PHR framework per serving cell cannot precisely reflect the power headroom for each BWP. This would require substantial efforts for both RAN1 and RAN2.

[bookmark: _Toc528772942]Substantial standardization efforts are foreseen in order to support BWP specific power control and BWP specific power headroom report in NR-U
Other aspects
In NR licensed, the Logical Channel Prioritization (LCP) procedure is applied whenever a new transmission is performed.
If NR-U would support multiple active BWPs, the gNB would then issue UL grant per BWP, meaning that the UE may receive multiple UL grants at the same time, and each grant is associated with a different active BWP. The mapping restriction allowedServingCells was introduced to control which serving cells are applicable for the PDCP duplication. Similar arguments may be also valid for BWP in case a UE is configured with multiple active BWPs. However, adding LCP restriction for BWPs would add additional standardization efforts for RAN2, however, similar functionalities are already existing if we apply carrier aggregation for wideband carrier operation. 
[bookmark: _Toc528772943]Support multiple active BWPs may add extra work for RAN2 to standardize the LCP mapping restriction for BWPs
There are also other MAC aspects such as:
· Whether or not to introduce BWP specific DRX configuration
· Whether or not to introduce BWP specific uplink timing alignment
· Whether or not to introduce multiple configuration grant configurations, so that each BWP may be associated with a different configured grant configuration
· Whether or not to support BWP specific RRM framework, BWP specific RLM/RLF etc.
As a summary, for the options with multiple active BWPs, RAN2 would need to spend a lot of effort to specify functions which are already feasible to apply if we support carrier aggregation approach for single wideband carrier operation.  
Furthermore, if UE were to monitor multiple active BWPs, this would degrade the UE battery saving. This contradicts the original purpose for introduction of BWP concept in NR licensed.
[bookmark: _Toc528772944]Support multiple active BWPs would expose the possibility for RAN2 to specify a lot of unnecessary MAC functionalities which are already possible to use for free if we adopt carrier aggregation approach for wideband operation
[bookmark: _Toc528772945]Support multiple active BWPs would require the UE to monitor multiple BWPs which hurts the UE battery saving, and contradicts the original purpose for introduction of BWP concept
As a summary, we suggest that RAN2 down-prioritizes the support of multiple active BWPs for single wideband operation, i.e., down-prioritize Option 1a and Option 1b since the substantial extra work for RAN2 in order to support multiple active BWP would just delay the conclusion of NR-U WI. 
Meanwhile, in addition to support carrier aggregation based approach, RAN2 also considers to support Option 2 for single carrier wideband operation based on analyses in our accompanying contribution [2].
[bookmark: _Toc525809955][bookmark: _Toc525832304][bookmark: _Toc525832324][bookmark: _Toc528066196][bookmark: _Toc528068810][bookmark: _Toc528479547][bookmark: _Toc528660171][bookmark: _Toc528770786][bookmark: _Toc528770803][bookmark: _Toc528770819][bookmark: _Toc528770837][bookmark: _Toc528770848][bookmark: _Toc528770858][bookmark: _Toc528770872][bookmark: _Toc528772946]Suggest RAN2 to down-prioritize the single wideband carrier options that require  multiple active BWPs for NR-U, i.e., Option 1a and Option 1b.
[bookmark: _Toc525830784][bookmark: _Toc525831000][bookmark: _Toc525831336][bookmark: _Toc525831397][bookmark: _Toc525831411][bookmark: _Toc525832781][bookmark: _Toc525832841][bookmark: _Toc525832923][bookmark: _Toc525832941][bookmark: _Toc525832950][bookmark: _Toc525832964][bookmark: _Toc525832993][bookmark: _Toc528237617][bookmark: _Toc528660172][bookmark: _Toc528770787][bookmark: _Toc528770804][bookmark: _Toc528770820][bookmark: _Toc528770838][bookmark: _Toc528770849][bookmark: _Toc528770859][bookmark: _Toc528770873][bookmark: _Toc528772947]Add the text in the appendix to TR 38.889.

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
[bookmark: _Hlk528066018]In section 2 we made the following observations:

Observation 1	In NR licensed and LTE LAA, one HARQ entity is maintained per serving cell/carrier.
Observation 2	In case a single HARQ entity is shared among all active BWPs, the HARQ process ID space would be limited.
Observation 3	In case a single HARQ entity is maintained per active BWP, HARQ configuration must be associated to each BWP, which requires more standardization efforts and have a risk of breaking backward compatibility.
Observation 4	It is more complex to manage HARQ operation if HARQ retransmission across BWPs is allowed.
Observation 5	Substantial standardization efforts are foreseen in order to support BWP specific power control and BWP specific power headroom report in NR-U
Observation 6	Support multiple active BWPs may add extra work for RAN2 to standardize the LCP mapping restriction for BWPs
Observation 7	Support multiple active BWPs would expose the possibility for RAN2 to specify a lot of unnecessary MAC functionalities which are already possible to use for free if we adopt carrier aggregation approach for wideband operation
Observation 8	Support multiple active BWPs would require the UE to monitor multiple BWPs which hurts the UE battery saving, and contradicts the original purpose for introduction of BWP concept

Based on the discussion in section 2 we propose the following:
Proposal 1	Suggest RAN2 to down-prioritize the single wideband carrier options that require  multiple active BWPs for NR-U, i.e., Option 1a and Option 1b.
Proposal 2	Add the text in the appendix to TR 38.889.


[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc517365969]References
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Appendix
Add the following text in the TR:
[bookmark: _Toc525830785][bookmark: _Toc525831001][bookmark: _Toc525831337][bookmark: _Toc525831398][bookmark: _Toc525831412][bookmark: _Toc525832782][bookmark: _Toc525832842][bookmark: _Toc525832924][bookmark: _Toc525832942][bookmark: _Toc525832951][bookmark: _Toc525832965]7.2.2	Higher layer aspects
[bookmark: _Toc525830786][bookmark: _Toc525831002][bookmark: _Toc525831338][bookmark: _Toc525831399][bookmark: _Toc525831413][bookmark: _Toc525832783][bookmark: _Toc525832843][bookmark: _Toc525832925][bookmark: _Toc525832943][bookmark: _Toc525832952][bookmark: _Toc525832966]7.2.2.x	Bandwidth part (BWP) operation
[bookmark: _Toc525830788][bookmark: _Toc525831004][bookmark: _Toc525831340][bookmark: _Toc525831401][bookmark: _Toc525831415][bookmark: _Toc525832785][bookmark: _Toc525832845][bookmark: _Toc525832927][bookmark: _Toc525832945][bookmark: _Toc525832954][bookmark: _Toc525832968]A Serving Cell may be configured with one or multiple BWPs. For one serving cell, the UE is configured with one active BWP at a time.
The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching is controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure. The active BWP for a Serving Cell is indicated by either RRC or PDCCH. For unpaired spectrum, a DL BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.


