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Introduction
RAN1 has discussed proposals for NR to decouple synchronization signals frequency raster and carrier frequency raster at RAN1#86 and RAN1#86bis. A WF R1-1610954 was presented and discussed but conclusion was not reached during the meeting. A proposal for email discussion was discussed and the scope of the email discussion was agreed below.

R1-1611035	WF on synchronization and carrier rasters	Huawei, HiSilicon
· Email discussion on whether there is a need to support scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency
· For intra/inter frequency DL measurement, the two options below are discussed:
· The network can signal a reduced set of frequency locations of the sync signal(s)
· including the case where synchronizations signal(s) of neighbour cells are at the same frequency location as the synchronizations signal(s) of the UE’s serving cell
· The UE may always assume the same frequency location of the synchronization signal(s)  among neighbour cells
· Email discussion on the proposal, 
· The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth.  
· The spacing (Hz) between the candidate frequency locations of synchronization signal(s) may depends on the frequency bands.
· This does not preclude that for certain bands, the candidate frequency locations of synchronization signals and the possible frequency locations of center of NR carrier bandwidth may be the same
· A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth.
· Above email discussion deadline is until 7th November – David (Huawei)
· All proponents should focus on at least the above 3rd main bullet ant potential standard impact


This email discussion will focus at least on the following points:
· The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth.  
· The spacing (Hz) between the candidate frequency locations of synchronization signal(s) may depends on the frequency bands.
· This does not preclude that for certain bands, the candidate frequency locations of synchronization signals and the possible frequency locations of center of NR carrier bandwidth may be the same
· A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth.

A number of questions were provided. Answers to these questions are recorded in the appendix. A summary of the responses is provided in section 2. Proposals and observations are made accordingly.

Summary of the discussion
NR synchronization signal raster
In response to question 1, the main consideration from companies on UE power consumption was in relation to the wider carrier bandwidth and wider frequency spectrum that will be supported by NR. At least for those use cases a large majority of companies (12) saw benefits in terms of UE power consumption. Other potential benefits mentioned were search complexity reduction and shorter synchronization acquisition time. It was also emphasized that the choice of the frequency raster should not impact the network deployment flexibility.
Three companies mentioned that the benefits would depend on the detailed design of synchronization signals, while two companies saw no benefit at all in terms of UE power consumption at least in deployment cases similar as LTE. There were contradicting analysis on the possibility to use reduced search mechanisms such as a look-up table or energy detection. Answers to those questions may depend on more detailed NR design (reserved resources for forward compatibility, possibility to re-configure the location of PSS/SSS for NR, etc).
Proposal 1:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 

Relation between the candidate frequency locations of synchronization signal(s) and the frequency locations of the center of NR carrier bandwidth
In response to question 2, a large majority of companies (all but one) expressed the need to decouple the candidate frequency locations of synchronization signal(s) and the frequency locations of the center of NR carrier bandwidth, while there could still be some nested relation where the synchronization signals raster is sparser than the possible frequency locations of the center of NR carrier bandwidth. In particular, all companies but one proposed that the candidate frequency locations of SS should not be restricted to be located at the center of NR carrier. Some companies mentioned that the network should signal the location of the center of the NR carrier. One company mentioned that the location of the center of the NR carrier should not change after initial access from a UE. Companies mentioned the need to keep at least the same network deployment flexibility as LTE in existing bands, so the 100 kHz channel raster should be supported for NR in existing bands.
Proposal 2:
· The candidate frequency locations of synchronization signals for NR should not be restricted to be located at the center of NR carrier.
· The candidate frequency locations of synchronization signals for NR should support the 100 kHz raster in existing bands.

Standard impact
In addition to responses provided to question 1 on the pros and cons of allowing a sparser raster for synchronization signals compared to channel placement, companies highlighted design considerations summarized below:
· The exact definition of the rasters should depend on the supported minimum and maximum carrier bandwidths and on the supported bandwidths of synchronization signals for NR.
· Signaling to inform the UE about the relation (e.g, offset) between the synchronization center frequency and the carrier frequency and bandwidth.
· Potential signaling to inform the UE about candidate positions of synchronization signals for neighbor cell search in RRM measurements.
· Potential impact on the PSS design.

Proposal 3:
· RAN1 should first decide the supported minimum and maximum carrier bandwidths for NR, and the supported bandwidths of synchronization signals for NR, before further details of the frequency rasters for synchronization signals and center of NR carrier are determined.

Scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency, and the impact on intra/inter frequency RRM measurements.
In response to question 4, a first step in classification of the scenario was proposed, where for intra-frequency measurements the locations of the neighbor cells synchronization signals are aligned (by definition), while for inter-frequency measurements the locations are not aligned. A single use case was mentioned by a few companies for potentially allowing that the synchronization signals are not aligned among neighbor cells in overlapping bandwidths, which is HetNet for reducing inter-cell interference on the synchronization signals.
However, it was also emphasized that the potential merits of such ICIC mechanism would need to be studied and UE complexity taken into account. In case such scenario was supported, majority views were that the network should signal to the UE a candidate search space for neighbor cells synchronization signals. One company proposed that the baseline assumption for intra-frequency measurement should be that NR-SS of neighbor cells are on the same center frequency unless otherwise instructed.
Observation:
· The scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency require further study, taking into consideration network deployment (HetNet or macrocells), potential benefits of inter-cell interference coordination on the synchronization signals, and UE complexity.

 Conclusions
Based on the views from companies collected by email between RAN1#86bis and RAN1#87, the following proposals and observation are made for the study of synchronization and carrier rasters:
Proposal 1:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 
Proposal 2:
· The candidate frequency locations of synchronization signals for NR should not be restricted to be located at the center of NR carrier.
· The candidate frequency locations of synchronization signals for NR should support the 100 kHz raster in existing bands.
Proposal 3:
· RAN1 should first decide the supported minimum and maximum carrier bandwidths for NR, and the supported bandwidths of synchronization signals for NR, before further details of the frequency rasters for synchronization signals and center of NR carrier are determined.
Observation:
· The scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency require further study, taking into consideration network deployment (HetNet or macrocells), potential benefits of inter-cell interference coordination on the synchronization signals, and UE complexity.



Appendix – questions and individual company responses

Question 1: do companies see benefits for UE power consumption in allowing that the candidate frequency locations of synchronization signal(s) for NR be sparser than for LTE? Companies may also provide their views on possible synchronization signal raster per frequency ranges and/or bands, and other possible benefits.

	Company
	Comment

	Mediatek Inc.
	The benefits of using a sparser synchronization signal to reduce the initial access time and power consumption is highly dependent on the design of the synchronization signal. Making a decision at this stage may reduce NR flexibility and complicate the initial access procedure. We prefer that any decision on the synchronization signal raster is delayed until the design of the synchronization signal is agreed.

	Nokia
	It is seen that the possible power benefit would only realize in initial access carried out in ‘cold boot’, and would also depend whether device is searching only NR or also other RATs on parallel (on the band). In other scenarios where UE has already obtained already some assistance information from the network, the reduced SS frequency raster would not provide power consumption benefits. After that being said, at least for higher frequency bands (e.g. above 6GHz), reducing the SS raster (compared to the channel raster) could be considered.

	QC
	We do see benefit to allow sparser SS raster especially considering wider frequency spectrum that may be available for NR. Other benefit in addition to power saving includes faster SS acquisition
Our view on the possible SS raster Sub-6: 1.8MHz mmW: 40MHz

	Samsung
	We think that there will be benefit in terms of UE power consumption even though the extent of gain may be dependent on UE implementation. In LTE, UE with efficient implementation may scan rough boundary of possible carrier candidates based on energy detection and then try to detect PSS/SSS based on 100 kHz carrier raster in a given boundary. Although the boundary for PSS/SSS search is narrowed, UE still has to search multiple possible candidates within the boundary. If sparser candidate frequency locations are applied in NR, the number of PSS/SSS search can be decreased and it can save more power consumption. The raster for synchronization signals can be different per frequency range. Exact values should be studied further.

	Intel
	A naïve cell search algorithm could be that UE performs brute force search in every 100kHz frequency raster in a frequency range UE might support. However, in our view, nobody will implement this. In practical implementation more efficient search algorithm are being utilized at the UE – e.g. lookup table based cell search for channel allocation, or performing spectrum analysis on the frequencies before engaging search operation, etc. In addition, such kind of optimized frequency search only needs to occur for the very first time. Once the UE successfully acquires the synchronization signal, the later initial access procedure can be based on apriori information from the previous search cell results. 
Therefore, we believe there wouldn’t be any visible improvement to the overall UE battery life with a sparse NR SS frequency raster.

	ZTE
	A sparser SS raster  can reduce searching complexity and energy consumption, e.g. in the case of longer SS burst periodicity and larger SS bandwidth. RAN1 can study other aspects of initial access (e.g. the periodicity of SS burst, BW of SS) and then look at if sparser SS raster is needed.

	Sierra Wireless
	Sierra definitely sees battery power and system acquisition benefit in supporting sparser SS. This is clearly beneficial for the cold-boot case even if a smart method which has a pre-scan is used. The system acquisition benefit will obviously depend on the sparseness of the SS but Sierra feels a factor beyond 10 are very possible which would improve most algorithms by a factor of 10.  We expected more bands for NR than LTE, as NR will support new bands as well as re-farmed LTE, UTRA, GSM bands. 
The SS needs to be forward compatible to mMTC so mMTC use-cases should be considered.  Some mMTC use cases are highly mobile but send data infrequently and thus would need a similar cold-boot acquisition each time it sends data (e.g. a tracking device using PSM).  mMTC will also need to support very low SNR (i.e. 164 dB MCL) and SS acquisition times will be very long (e.g. likely > 500ms per  SS candidate) and thus it will take very long time (>10min to scan 120MHz w/o sparse SS) for an installer to confirm coverage.
 

	Ericsson
	We see clear benefits from a sparser frequency raster for initial cell search. We think NR should be more flexible in supported bandwidths than what LTE is, including the possibility of introducing new bandwidths in the future while maintaining backwards compatibility. With such flexibility, techniques used in LTE for reducing the number of frequency positions to search are obsolete and reducing the search raster will help reducing the complexity. The raster would be a property of each frequency band.

	Sony
	We see the benefit for UE power consumption because search time can be reduced when UE initially searches NR cell.

	CATT
	A sparser SS raster might reduce the UE cell search complexity but also reduce the flexibility in network implementation.   The key is the UE assumption of the frequency location of synchronization signals (NR-PSS/NR-SSS) during initial access (cold start) at each frequency band.   In LTE, the UE can have a lookup table of each operating band since the synchronization channel is located at the center of the spectrum.  For UE at its home operator, the UE would be configured with the available operating bands and the synchronization channel location by the operator.  There is no problem for UEs to operate at their home network.   To support roaming to other NR networks, the default synchronization channel resource allocation should be specified or pre-configured for each operating band for roaming UEs to search for the synchronization signals.  We don’t believe much benefit in sparser SS raster.   

	Panasonic
	We see the benefit of sparser SS at least above 6 GHz.
We agree Mediatek to determine it later has merit to understand the implications.

	Huawei
	We see benefits in allowing a sparser synchronization raster for NR compared to LTE. It is not foreseen that NR deployments in higher frequency bands would require a fine synchronization raster of 100 kHz, e.g., the raster may not need to be denser than the subcarrier spacing. This may be applicable already for NR above 3 GHz, and even more likely above 6 GHz. Even though a UE may never have to perform brute force search over the entire frequency raster for all bands, some reduced-complexity solutions applied in LTE may no longer be applicable for NR. For example, searching for energy in a pre-defined bandwidth would no longer be straightforward for NR since NR will not have always-on wideband signals and channels, or have signals (such as SS) which are transmitted with much larger periodicity. Therefore, certain use cases where pure search over the synchronization raster may be avoided for LTE may not be avoidable for NR. In these cases, a reduction of the synchronization raster would allow for reducing the UE power consumption and detection complexity.

	Motorola Mobility
	Sparser SS raster may be beneficial for UE power consumption at least for idle mode UEs. However, if a SS transmission bandwidth is similar to the minimum NR carrier bandwidth, the sparser SS raster would limit possible locations for a NR carrier frequency in a spectrum band. Thus, SS raster should be determined, together with the minimum carrier bandwidth and flexibility of carrier placement.

	InterDigital
	We think that sparser synchronization signal raster may have potential benefits for wider spectrum at higher frequency band in NR. Potential benefits may include power/energy saving, search complexity reduction, shorter synchronization acquisition time, etc.

	Fujitsu
	Considering the NR spectrum in future it is very possible that we have bandwidth with a few hundred MHz. Using sparser SS raster will benefit to the initial access of a device, in terms of the speed and power consumption, especially for device where more advanced search algorithms cannot be applied. 

	NTT DOCOMO
	We think sparser SS raster would be beneficial in terms of search time and UE power consumption for initial search of NR carrier.
At least in higher frequency bands, we think 100 kHz SS raster would be no longer motivated since such fine granularity for NR carrier deployment would not be required.
Appropriate SS raster value for each frequency band should be studied.

	Xinwei
	We see the benefits of sparser SS. In NR, we think even channel raster could be sparser than LTE due to possible larger bandwidth in high band. It is not necessary to deploy system with fine granularity as 100kHz. SS raster could be sparser than channel raster, thus far sparser than LTE 100kHz raster. This is beneficial from UE power consumption perspective. We share the view that some optimized frequency search schemes in LTE based on spectrum analysis might not work in NR. NR reduces the always-on signal to the largest extent. Although through spectrum analysis, very coarse information might be gained, UE still could not reliably use this information for further process, since the probability of missed channel is pretty high. If SS raster is at the level of 100kHz, there would be too much energy consumption. 

	AT&T
	A sparser frequency raster could be beneficial for UE power consumption and detection complexity when the carrier bandwidths are much larger than LTE, which is expected to be the case especially in frequency bands > 6GHz. However the design should not unnecessarily restrict NR deployment flexibility and the supported value can be considered on a band-by-band basis. 

	Convida 
	Sparse SS raster can reduce the CS search effort during the initial access.  We agree with Mediatek to determine it later when SS design has been agreed especially for higher frequency HF-NR.



Question 2: please provide your views on the relation between the candidate frequency locations of synchronization signal(s) and the frequency locations of the center of NR carrier bandwidth.

	Company
	Comment

	Nokia
	If there is no specific DC-subcarrier introduced to the NR carrier (transmission bandwidth configuration), there would not appear to be any strong need to align raster’s of the SS and channel. It is also assumed that network would need to provide the SS location relation to the channel center in some manner.

	QC
	Candidate frequency location of SS does not have to be the same as the frequency location of the center of NR carrier bandwidth, in order to allow flexible NR deployment while supporting sparser SS raster.

	Samsung
	Frequency location of synchronization signals can be different from the center of a NR carrier bandwidth. But, it should be mandated that UE assumes that the location of synchronization signal are always same after the UE finishes initial access.

	Intel
	To reduce the overall UE complexity for NR SS detection algorithm, NR SS should be centrally aligned to the center of NR carrier bandwidth.


	ZTE
	SS spacing should be N times the channel spacing, where N is an integer number and depends on the increase of cell search complexity in NR. In addition to increasing the SS spacing, the channel spacing may increase in high frequency as discussed in R1-1611270.

	Sierra Wireless
	Similar to QC view. 

	Ericsson
	For existing bands, the 100 kHz granularity in placing the carrier needs to be maintained to allow supporting different operators’ deployments. The raster needs to make sure that a full SS bandwidth can be placed within any carrier.

	Sony
	In order to have flexibility for deployment, candidate frequency locations of SS should not be restricted to be located at the center of NR carrier. Especially, it has benefit for flexibility of resources with different numerologies considering multiplexing of resources with different numerologies in frequency domain.

	CATT
	System bandwidth and center frequency of a NR carrier would be indicated together at NR-PBCH after UE successfully acquire the system timing and system information in the initial access procedure.   

	Panasonic
	We prefer PRB grid is defined relative to absolute frequency position as proposed in R1-1611892. The system band edge guard is realized by using the fractional PRB instead of changing the PRB grid position. Moreover, we don't prefer the method that grid position is adapted based on the number of PRB is even or odd. The center of NR carrier bandwidth may mean the candidate DC subcarrier position when UE/gNB RF bandwidth and NR carrier bandwidth are same. Synchronization signal may not be required to be the center of NR carrier bandwidth.

	Huawei
	In order to provide increased deployment flexibility for NR compared to LTE, or at least to maintain the same deployment flexibility while having a sparser synchronization raster, it is necessary to allow the centre of the NR carrier to take various positions within a band with a fine granularity. Considering forward compatibility and coexistence with other RATs in the same band, e.g. coexistence between LTE and NR, it is not necessary to tie the centre of the NR carrier to the location of the NR synchronization signals. Moreover, there may be reasons for the NR network to transmit multiple versions of the synchronization signals within a NR carrier, e.g. to handle UEs with different bandwidth capability, and therefore it simply becomes impossible to have a fixed relation between the location of the synchronization signals and the centre of the NR carrier. After initial access, it would just be a matter of signaling to the UE the exact location and size of the NR carrier with respect to the synchronization signals location. The centre of the synchronization signal should preferably coincide with a subcarrier of the NR carrier, while the synchronization signal raster may be a multiple of the PRB bandwidth, in order to minimize the number of occupied PRBs by the synchronization signal.

	Motorola Mobility
	Candidate frequency locations of SS can be a subset of candidate frequency locations of a NR carrier frequency.
Frequency location of SS can be different from the center of NR carrier bandwidth for flexible NR deployment (e.g. support of multiple subcarrier spacing in a carrier bandwidth, dynamic coexistence between legacy RAT and NR). 

	InterDigital
	For flexible NR deployment candidate frequency location of synchronization signal may be the same or different than the frequency location of the center of NR carrier bandwidth.

	Fujitsu
	In general we do not think that we need the same kind of constraints as that of LTE, i.e., frequency location of synchronization signals could be different from the center of a NR carrier bandwidth. Also we do not yet have a complete definition of what “NR carrier bandwidth” implies from UE and/or network perspective.

	NTT DOCOMO
	For flexible NR carrier deployment with sparser SS raster, it is beneficial to allow flexible candidate frequency locations of NR-SS that can be different from center of NR carrier bandwidth.

	Xinwei
	Candidate frequency location of SS signal does not have to be in the center of the carrier bandwidth. Such flexible design could facilitate deployment. Furthermore, it is possible for different cells to coordinately put their SS block in different resources, thus reduce interference between each other. This becomes even more important in NR since beamformed design of broadcast information would lead to higher resource consumption and higher interference. 

	AT&T
	There should not be a fixed relationship between the frequency location of the sync signals and the center of the NR carrier bandwidth. NR should support configurable frequency location for signals and channels related to initial/random access to accommodate flexible network deployments and forward compatibility. When the NR synchronization frequency is NOT located in the center RAN1 should study techniques and solutions that will reduce the complexity and system acquisition time.

	
	



Question 3: do companies see drawbacks in allowing that the candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth? Please elaborate on the expected drawbacks.

	Company
	Comment

	Mediatek Inc.
	Using sparser synchronization signal will have the following impacts:
· Introduces constraints on the frequency planning
· Requires additional signals/procedure to inform the UE about the relation between the synchronization center frequency and the  carrier frequency

	Nokia
	Depending on the assumed minimum channel bandwidth (for a given frequency band), this could limit the feasible initial access bandwidth

	QC
	We do not see drawback of allowing SS raster to be sparser than channel raster. 

	Samsung
	UE cannot know NR carrier configuration just with system bandwidth information indicated by PBCH. Offset between frequency location of synchronization signals and carrier frequency should be signaled additionally as system information.

	Intel
	UEs will be required search for neighbor cells while it camps on the central frequency of NR carrier. This may imply band-pass filtering to detect NR PSS and perform more complex NR SS detection algorithms. If the center of NR PSS is aligned with that of NR carrier, UE can apply low-pass filtering (a bit less complex than band-pass filtering) to find the NR PSS of a neighboring cell and utilize potential complex conjugate properties of the signal to reduce multiple hypothesis testing for NR PSS.
Therefore, it is preferable to have a single NR PSS code to reduce the overall cell search complexity if NR SS is positioned in a non-central NR carrier.

	ZTE
	The following impacts are foreseen 
· Impact on minimum carrier bandwidth (possibly negative impact on refarming of LTE spectrum).
· Signaling may be needed to inform the offset between SS and other subband (e.g. in the case of small carrier bandwith)

	Sierra Wireless
	We do not see drawbacks of allowing SS raster to be sparser than channel raster. We do not feel that the additional signaling to indicate the location of the SS within the system bandwidth is problematic.

	Ericsson
	The bandwidth of the SS needs to be smaller than the minimum system bandwidth to allow “wiggle room” for adjusting the carrier placement in frequency.

	Sony
	Relative offset between frequency location of SS and the center of carrier bandwidth is needed to be signaled.

	CATT
	Sparse frequency location of synchronization signals would limit the option of the network deployments for narrow band systems (e.g., mMTC) and different numerology within the same carrier.  

	Panasonic
	In the first place, we wonder why a large number of the possible frequency locations of the center of NR carrier bandwidth in a system bandwidth is required. As explained in the answer to Question 2, we prefer PRB grid is defined relative to absolute frequency position (more details in R1-1611892).

	Huawei
	We do not see significant drawbacks that would offset the benefits. After initial access, it would just be a matter of signaling to the UE the exact location and size of the NR carrier with respect to the synchronization signals location. For intra-frequency measurements, the network could signal that a UE may assume synchronization signals of other cells are on a reduced frequency location signaled by the network, e.g., multiple or single SS frequency location(s), or even exactly on the same frequency location. The complex conjugate properties should be maintained for NR PSS and are applicable for reducing the detection complexity even when the NR PSS is not aligned with the center of the NR carrier (cf. R1-1611693).

	Motorola Mobility
	Sparser SS raster than NR carrier raster may reduce flexibility of NR carrier placement, especially for a carrier bandwidth close to a SS bandwidth.

	InterDigital
	We do not anticipate significant drawback of allowing the candidate frequency locations of synchronization signal are sparser than the possible frequency locations of the center of NR carrier bandwidth.

	Fujitsu
	We agree with Nokia and note that this may have an impact on the minimum bandwidth that needs to be supported by a UE.

	NTT DOCOMO
	We do not see any significant drawback as long as SS raster will be appropriately defined for each frequency band and its possible deployment scenarios. SS location not at the center of NR carrier bandwidth would also be fine since UE can be informed about relative frequency offset between SS location and center of the NR carrier or each of other channels/signals.

	Xinwei
	There are not too much drawbacks except more efforts in neighbor cell search. UE may be configured to measure multiple frequency locations within the same band at the same time. If neighboring cell are in the same resources, it is possible for UE to conduct simplified synchronization detection algorithm, with fewer filtering, FFTs and/or correlation calculations. But now UE has to conduct the search on more resources. Those calculations could not be shared as they are on the same resource.

	AT&T
	In principle this can be supported with appropriate signaling. However RAN1 should probably first decide on the minimum SS and system bandwidths supported for NR before reaching a conclusion.

	
	



Question 4 (optional): please provide your views on scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency, and the impact on intra/inter frequency RRM measurements.

	Company
	Comment

	Mediatek Inc.
	If the neighbour cells synchronization are not on the same center frequency we expect the following:
· Increased power consumption due to the larger receive BW required to be able to receive all the neighbour cells synchronization signals.
· Higher layer signaling may need to be introduced to signal to the UE the synchronization signal location of different cells

	Nokia
	For different type of deployments (e.g. dense small cells on same carrier) there could be some benefit to allow network to adjust the location of SS on different cells to prevent overlap. Depending on the assumed UE implementation (searcher) this could complicate the neighboring cell measurements, thus it probably should evaluated whether SS frequency shifting is providing sufficient benefits to justify the complexity. Note that it’s assumed that network would inform UE about the exact location of the SS of the neighboring cells.

	QC
	Our view is that when neighboring cells has the same SS center frequency location, it is intra-frequency measurement.
When the neighboring cells has different SS center frequency location, it is inter-frequency measurement.

	Samsung
	We do not see any motivation of having different frequency locations of synchronization signals between neighbor cells. If synchronization signals are allowed to be transmitted in different frequency locations between neighbor cells, it will increase UE complexity for intra frequency measurement.

	Intel
	If the SS between neighboring cells are aligned to same center frequency, UE will be forced to perform multiple cell searches on the different frequencies, which can significantly increase UE complexity. Thus, it is preferable to align the frequency locations of NR SS for the same carrier frequency for intra-cell measurement.

	ZTE
	Serving cell can provide frequency information of SS of  neighbor cells, which helps complexity reduction of intra/inter frequency RRM measurements.

	Sierra Wireless
	We agree with QC that intra-frequency neighbour will have similar bandwidths and center frequency and thus same SS location.

	Ericsson
	In a typical deployment neighbor carriers will be aligned in frequency and then the SS will also be aligned. The measurements for idle mode cell reselection based on SS will then be intra-cell measurements according to the LTE definition. Whether any additional functionality would be needed beyond the division into intra- vs. inter-cell measurements should be studied further.
Connected mode neighbor measurements should be based on MRS where the MRS can be frequency shifted to allow one-shot measure of multiple MRS.

	Sony
	As per the Nokia response, there may be some benefits of preventing overlap (e.g. some interference-related issues). These would need further investigation.
Locating synchronization signals in different locations, but having the same centre frequency location would increase baseband intra-frequency measurement complexity. We still see these measurements as being intra-frequency measurements.
If the centre frequency of the neighbor cells are sufficiently different (e.g. there is no overlap resource in frequency between the serving cell and the neighbor cells), the measurements become inter-frequency measurements.

	CATT
	We don’t see the motivation of defining NR-PSS/NR-SSS in different frequency band among neighboring cells.    If synchronization signals are not located at the same frequency location among neighboring cells, the synchronization signal detection performance needs to be specified different to that in the same location due to different interference assumptions.  

	Panasonic
	In eICIC like deployment where large and small cells coexist, to adjust time/frequency location of synchronization signal is beneficial than mandating SS canceller. 
In the scenario that the gNB Tx power among cells are similar, aligned SS positions (of time/frequency) may be sufficient and better from UE power consumption perspective.

	Huawei
	It is not clear whether the case where NR carriers of neighbour cells overlap with the same NR carrier bandwidth but use different frequency locations of synchronization signals is of interest. A potential use case is ICIC between macrocells synchronization signals and small cells synchronization signals, or potentially also ICIC among macrocells synchronization signals. In this case, it is assumed that the UE would be informed about a reduced set of candidate frequency locations to minimize the complexity of the cell search for RRM measurements.

In case the neighbour cells carriers do not overlap and the UE is taking RRM measurements on a frequency that does not correspond to a configured component carrier, then this is inter-frequency measurements and naturally the frequency locations of the synchronization signals of cells operating in that measurement frequency need to be searched over the synchronization raster.

	Fujitsu
	The shift of SS frequency could provide some benefits, for example interference avoidance for the dense deployment scenarios such as the case mentioned by Nokia. More investigation is required to find a good tradeoff between benefits and the extra implementation complexity. 

	NTT DOCOMO
	In order to avoid significant increase of UE complexity for intra-frequency measurement, baseline assumption for intra-frequency measurement should be that NR-SS of neighbor cells are on the same center frequency unless otherwise instructed. We think motivation of co-channel HetNet may decrease in NR, but it can be investigated.

	Xinwei
	If neighboring SS is related to different center frequency, then it typically means that the neighboring cells are on non-overlapping frequency channels. We don’t see the needs of overlapping between channels for neighboring cells. With this fixed relationship between SS and frequency channels, intra-frequency and inter-frequency RRM measurement could be conducted in predefined resources, which could be configured by the network. 

	AT&T
	The benefits in terms of interference reduction for dense NR deployments and the impact on UE measurement complexity should be further studied. 

	Convida
	We agree the neighbor cells information can be broadcast to reduce CS efforts.  



Other

	Company
	Comment

	Nokia
	It is assumed that network would provide sufficient information for the UE to carry out the UL transmission at desired resources

	
	





