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1	Introduction
According to NR WID [1], NR Rel-15 targets to 
· Complete Stage-3 of all Layer 1 and Layer 2 user plane specifications of eMBB including support of low latency for all supported architecture options until December 2017.
· Complete Stage-3 specifications on eMBB including support of low latency for E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x) until December 2017.
· Complete all the core specifications for the other supported architecture options until June 2018.
Even though RAN WGs added several Ad-hoc meetings to speed up the specification work, down-scoping of NR features is another effective way to ensure NR time frame for Rel-15. This contribution discusses some NR features that could be considered for down-scoping.
2	Views on some NR features
2.1. NR-LTE coexistence with uplink sharing
The key point of uplink sharing is to leave NR DL on a high frequency carrier (e.g. in 3.5GHz band) and to add a low frequency carrier (e.g., 1.8GHz, 900MHz etc) for NR UL, where that low frequency carrier is also used for LTE UL. The motivation of UL sharing is to handle the DL/UL imbalance in NR high frequency band and to provide uplink coverage enhancement. 
However, our evaluations in RAN1 [2] show that the UPT gain in moving NR UL from 3.5GHz band to 900MHz/1800MHz band is quite limited. Depending on the carrier frequency, system bandwidth and antenna configuration, this gain could be even negative. The reasons behind this observation is the massive MIMO and large bandwidth (e.g., up to 100MHz) on 3.5GHz UL, which can boost the received uplink signal, increase the channel selectivity gain and reduce the interference and traffic blockage. This is to say, DL/UL imbalance could be an issue on a frequency like 3.5GHz, but whether moving NR UL to a low frequency can offer the solution deserving the cost (spectrum and complexity) is a different story. It may need more evaluations and studies.   
On the other hand, assume using a low frequency is beneficial for UL coverage, quite some solutions besides UL sharing were discussed in 3GPP RAN. NR supplemental uplink (SUL) [6] is one way of solution that may look similar to UL sharing but indeed different. SUL utilizes the low frequency carrier for NR UL but does not require the coexistence with LTE transmission on that carrier. DC/CA (e.g., NR-LTE DC, NR-NR DC, NR-NR CA) provides another family of solutions for uplink coverage. In fact, most of ways in utilizing a low frequency for UL could cover, to some extent, the issue UL sharing targets to solve. Some examples are listed below. 
1)  LTE UE @LF(low frequency) and NR UE @HF(high frequency)
In case the NR UL coverage issue occurs, UE can handover from NR to LTE. 
2)  NR SA UE using inter-band CA/DC:  NR@HF + NR@LF [7]
3)  NR SA UE using SUL(w/o LTE signals on SUL from network perspective): NR@HF + NR@LF SUL [6][7]
4)  NSA/DC UE: LTE@LF + NR@HF (scenario 1 in [5]) 
5)  NSA/DC UE using NR CA: LTE@LF1 + (NR@HF + NR@LF2 CA)  (scenario 3 in [5])
6)  NSA/DC UE using SUL(w/o LTE signals on SUL from network perspective): LTE@LF1 + (NR@HF + NR@LF2 SUL) [7]
The deployment scenarios so far discussed in RAN1 are compared in Table 1. 
	
	NR-LTE coexistence on DL
	NR-LTE coexistence on UL
	Band combination between low freq. and high freq.

	Uplink sharing
	No
	Co-channel
	Yes (for UL sharing purpose)

	Spectrum refarming
	Either co-channel or adjacent-channel
	Either co-channel or adjacent-channel
	No 

	1) above
	No
	No
	No

	4) above
	No
	No
	Yes (for DC purpose)

	2) and 5) above
	No
	No
	Yes (for DC and CA purpose)

	3) and 6) above
	No
	No
	Yes (for DC and SUL purpose)
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It can be seen from Table 1 that UL sharing is the only one that requires both co-channel sharing between LTE and NR and band combination between LTE band and NR dedicated band. Such requirement leads to following issues.
· Limit multi-vendor capability:  UL sharing introduces strong interaction relations between eNB and gNB due to sharing resources on UL, as well as the binding between LTE band and NR dedicated band. Even though the X2/Xn interface can be specified to support eNB-gNB interaction, such interface specification is never mandatory and is also difficult to work on a level of resource scheduling. This could make the Rel-15 specification not as multi-vendor friendly as earlier 3GPP standards. More critical, because such vendor-binding locks different bands, such multi-vendor issue propagates from one band to another. 
· Limit NR UL performance: because low frequency UL carrier is most-likely needed by cell-edge NR UEs, large amount of LTE UEs on the same frequency could create uplink inter-cell interference to the cell-edge NR UE. The UL performance in this case is expected to be worse than the case where the UE operates on SUL without any LTE UL transmissions. RAN1 does not take or plan any study on how to manage single interference-over-thermal (IoT) level for two different RATs on the same carrier.  
The specification complexity and working group schedule for UL sharing should also be taken into account. UL sharing is not completed as of today and apparently requires more TUs in WGs. 
· RAN1: In RAN1 work plan for NR-LTE coexistence [3], the tasks for UL sharing are listed as below.     
 (
UL sharing
Subcarrier alignment vs. no subcarrier alignment: companies are expected to provide final evaluations and analysis, and RAN1 to make a decision among 3 alternatives
Continue discussion on timing, power control, UL carrier selection, handling of UL transmissions including SRS and PRACH in the shared UL bandwidth
)


Up to RAN1 #90, RAN1 has no conclusions on timing, UL carrier selection and transmissions of SRS and PRACH in the shared UL given there are two NR ULs, one in LTE band and another in NR dedicated band. In addition, UL sharing is so far only discussed for eNB-gNB co-site case. RAN1 has no discussion for eNB-gNB non-collocation. 
· RAN4: RAN4 already agreed [4] to prioritize the conventional band arrangement and DC/NSA combinations over specific requirements for UL sharing.
In summary, UL sharing imposes multi-vendor limitation, sacrifices NR UL performance due to interference from LTE UEs, consumes additional TUs in WGs, but just duplicates the benefits offered by other prioritized scenarios. The other scenarios, at least the ones using SUL (w/o LTE signals on SUL from network perspective), could have all the functionalities that UL sharing declares but with better performance and less standardization work.  Therefore it is proposed not to support in Rel-15 the scenario requiring both co-channel sharing between LTE and NR and band combination between different bands (at least one of bands is NR dedicated band). 
2.2 Multiple bandwidth parts
One NR feature which is different from LTE is multiple bandwidth part. Technically it is possible that more than one bandwidth part could be configured and activated for one UE.  In Table 2 below there are potential combinations by taking both configuration and activation into account:
	Case index
	How many bandwidth parts are configured
	How many bandwidth parts are activated

	1
	1
	1

	2
	More than one e.g. 2
	1

	3
	More than one e.g. 2
	More than one e.g. 2


[bookmark: _Ref492304027]Table 2 Potential combinations in BWP application
Considering the potential work and complexity, case 3 has been down prioritized by RAN1. Here is the agreement in RAN1#AH2:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain.
· FFS: Cross-BWP scheduling is supported.
Considering current RAN1’s workload and timeline, it seems also beneficial to postpone the case 3 into R16. 
Compared to case1, case2 is beneficial in terms of bandwidth flexibility, power saving and system overhead including control channel overhead and data channel overhead. But case 1can have similar functionality by configuring multiple component carriers. And it is not clear what is the essential difference between activation/deactivation of bandwidth part and component carrier in terms of power saving.  In addition RAN1 may be able to finish the work before Dec.2017, but the introduction of bandwidth part also results in quite a lot work in other working group e.g RAN2 and RAN4. RAN2 only recently progressed on these aspects and agreed a measurement model and a number of agreements were made assuming single bandwidth part. Specifying multiple bandwidth parts will require significant discussion for the RRM and specifically the measurements and cell quality derivation. 
To illustrate the issues that need to be considered, we show the possible scenarios to consider (just for intra-frequency case) as shown in Figure 1 below. 


[bookmark: _Ref492304118]Figure 1: Implications of BWP on measurements for intra frequency case
In the Annex, more open issues related to measurement can be found. In short we think in R15 RAN working group should focus on case 1 i.e. single bandwidth part.
2.3 Multi-TRP transmission using multiple PDCCHs
Multi-TRP transmission is one of the features supported in NR MIMO.  The following two approaches of supporting multi-TRP transmission have been agreed in RAN1. 
1. Single NR-PDCCH approach: Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs (Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner).
2. Multiple NR-PDCCHs approach: Each of multiple NR-PDCCHs schedules a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP.
The major difference between these two approaches is whether to use a single NR-PDCCH or multiple NR-PDCCHs to support scheduling at multiple TRPs. The single NR-PDCCH approach has been well studied in LTE and NR SI.  This approach often relies on ideal or fast backhaul since scheduling information from multiple TRPs is jointly indicated to a UE via one NR-PDCCH. RAN1 has reached most of the agreements to sufficiently support the single NR-PDCCH approach according to the current RAN1 progress.
In contrast, the multiple NR-PDCCHs approach requires less coordination between multiple TRPs as scheduling information of each TRP can be delivered to the UE independently via multiple PDCCHs. This has the benefit on supporting multi-TRP transmission with non-ideal backhaul. In order to support non-ideal backhaul, multiple NR-PUCCH/PUSCHs seem to be necessary as well especially for multi-panel scenarios.  However, this together with multiple NR-PDCCHs potentially requires substantial standardization effort to make sure the benefit of multiple NR-PDCCHs approach can be sufficiently exploited.  There are still quite a lot of open issues such as how UEs detect multiple NR-PDCCHs, how UEs report multiple CSIs (e.g. whether to report CSIs on multi-PUCCH/PUSCH), how rate-matching is done in multiple PDSCHs, etc. In addition, it is important to design a good forward compatible framework so that it can be extended to more NR-PDCCHs in the future as it has been agreed to only support two NR-PDCCHs and two NR-PDSCHs so far. It is challenging to ensure a good design of supporting multi-TRP transmission using multi-NR-PDCCHs within very tight schedule in NR Phase 1 from RAN1 perspective.
From higher layer perspective, significant impacts are expected for the multiple NR-PDCCHs case, if non-ideal backhaul is assumed. More specifically, if the TRPs (transmitting the multiple PDCCHs) connected via non-ideal backhaul are characterized by different cell IDs then the higher layer impact would probably be minimal or limited: different TRPs would likely simply be seen as different cells, each one transmitting a single NR-PDCCH. But if the TRPs (transmitting the multiple PDCCHs) connected via non-ideal backhaul are characterized by the same cell IDs, some problems would arise. For instance it’s not clear whether all the TRPs would transmit the same NR-PSS/SSS. If yes, which sync signal(s) should be considered by an idle/connected UE? And then, is a L3 mobility procedure needed among TRPs of the same cell? Based on which RRC measurements? Furthermore supporting multiple TRPs connected via non-ideal backhaul in the same cell would imply having multiple MAC entities in the same cell, leading to a major re-design of the higher layer architecture assumed so far.
In summary, whether to support the approach of multiple NR-PDCCHs for multiple TRPs would correspond to different network deployment topology and/or architecture (like CoMP scenarios 3 and 4 in LTE), and the corresponding topology and/or architecture can lead to different specification paths and complexities in at least RAN1 and RAN2. Given current NR time frame and status of progress, it is preferred not to treat multi-TRP using multiple NR-PDCCHs in Rel-15.
2.4 RACH capacity enhancement
In RAN1#89 and NR Ad-Hoc#2, it was agreed to further study the necessity of RACH capacity enhancement for preamble formats using short sequence length (127 or 139). The sequence length of 127 is only considered if capacity enhancement is needed. No further agreement was made in RAN1 #90 on RACH capacity enhancement. RAN1 jumped onto the discussion of different enhancement solutions, without clearly answering the key questions such as:  
· the necessity of RACH capacity enhancement;
· the amount of capacity enhancement that would be needed (e.g., more users, beam recovery, etc).
· under how much resources the RACH capacity enhancement is considered.
In our view, without finding the agreeable answers to above questions, there is no need to adopt any of the proposed solutions at least based on the discussion so far in RAN1. It would be more meaningful for RAN1 to focus on how to configure all of agreed PRACH preamble formats  (mapping to the frame structure), instead of capacity enhancement. On the other hand, to find agreeable answers to the above questions and then to work on the enhancement solutions based on those answers would probably need at least two RAN1 meetings. Given the current tight NR schedule and the fact that this is an enhancement anyway, the RACH capacity enhancement could be de-prioritized. 
3	Conclusions
The contribution concludes with following proposal:
Proposal: If NR Rel-15 working scope should be narrowed down to accelerate specification, consider de-prioritizing some features, including 
· NR-LTE coexistence requiring both co-channel sharing between LTE and NR and band combination between different bands;
· Multiple bandwidth parts;
· Multi-TRP transmission using multiple NR-PDCCHs;
· RACH capacity enhancement. 
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Annex
	#
	Open aspects
	Responsible WGs:
Primary,
Secondary

	1
	Does each of the SS-block belong to a separate measurement object or should all the SS-blocks belong to the same measurement object?
	RAN2, RAN4

	2
	How does this impact the UE capability for measurements (i.e. how many measurement objects could be configured for a given UE considering the answer to the issue 1 above – i.e. there is a dependency between 1 and 2 that makes the discussions even longer) 
	RAN4, RAN2

	3
	If multiple SS-blocks are included in the same MO, how does the UE evaluate the cell quality?
· Average over all SS-blocks
· Average over SS-blocks above a (configured) threshold?
· Linear vs weighted average?
· i.e. very similar discussion to what RAN2 had for cell quality derivation
	RAN2, RAN4

	4
	Does the UE report individual quality for each BWP or will it report a combined quality?
	RAN2

	5
	What are the implications on the measurement gaps?
· Does the UE require new measurement gap length considering various scenarios shown above in Figure 1?
· Does the UE require new measurement gap pattern?
	RAN4,
RAN2

	6
	How does the UE trigger the measurement reports?
· Triggering per BWP or triggering per the averaged quality?
	RAN2

	7
	Does the UE include measurement reports from all BWPs when reporting quality on a given BWP? Or does it include some BWPs (e.g. above a threshold)? How is this configured/controlled by the network?
	RAN2

	8
	Will there be separate RACH resources per BWP? If yes, where (which BWP) does a wide bandwidth UE perform the initial access?
· On the BWP corresponding to the best SS-block quality?
· Network controlled?
	RAN2
RAN1

	9
	Will every BWP provide separate essential system information? i.e. which BWP will IDLE mode UEs monitor for camping on the cell? How is this indicated to the UE (does this impact the design of MIB/other PBCCH contents)? 
	RAN1
RAN2
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