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1 Introduction
This contribution discusses NR wider bandwidth operation to support over e.g., around 1GHz contiguous spectrum including: 
· Wider bandwidth operation with CA/DC and single carrier 
· Maximum channel bandwidth
· Bandwidth configurations for single carrier wideband operations
· Possible modes of operation for single carrier
2 Wider bandwidth operations
1 
2 
Wider bandwidth operation with CA/DC
Assuming LTE CA/DC operation as a baseline,
· It is possible to configure a UE to aggregate a different number of CCs and different bandwidths in the UL and the DL (DL/UL asymmetry).
· It provides component carrier specific link adaptation at the cost of associated signaling. 
· It enables reasonable UE battery consumption by means of SCell activation/deactivation.
· NW energy saving can be facilitated using cell on/off. A cell whose downlink transmission is turned off may be configured as a deactivated SCell for a UE.
· It incurs signaling overhead both in DL and UL in proportion to the number of aggregated CCs. In case of UL HARQ feedback, a proper multiplexing operation would be needed for UL coverage limited UEs.
· CA/DC functionality is not limited to contiguous spectrum.
· Larger standard efforts would be required to specify RF requirements for each CA/DC band combination.
· When different carriers have different numerologies, it would impact on the timing of cross-carrier scheduling and UCI multiplexing for joint UCI feedback. 
Wider bandwidth operation with single carrier 
· The necessary signaling for scheduling grant can be kept smaller than that of CA/DC. Specifically, the difference comes from whether the control information fields, e.g., HARQ related information, MCS, and CRC, should be duplicated (CA/DC) or not (single carrier operation). The signaling for resource assignment field can be saved as well by single carrier operation. Table 1 shows the example of resource assignment bit size for CA/DC and single carrier operation, respectively. The overall signaling overhead gap is in proportion to the number of CCs for CA/DC.
Table 1: Example of resource assignment bit size: CA/DC and single carrier operation
	
	CA/DC
	Single carrier operation

	Assumption
	Total BW = 2 x carrier BW (i.e. 2 CCs)

Carrier BW, = 100 PRBs
RBG size (P) = 4
	Total BW = carrier BW

Carrier BW, = 200 PRBs
RBG size (P) = 4, 8

	Resource allocation type 0/1


	50 bits / total BW
(25 bits / CC)
	50 bits / total BW (P=4)
25 bits / total BW (P=8)

	Resource allocation type 2


	26 bits / total BW
(13 bits / CC)
	15 bits / total BW


· Less number of UE blind decoding attempts can be achieved which would enable less UE power consumption. On the other hand, for each blind decoding attempt, the amount of control signalling would be larger for single carrier operation. 
· Assuming single HARQ entity, HARQ feedback can be simplified and this is in turn material for UL transmission.
· Contiguous wide spectrum is less available or is locally available.
· It can be possible to make the modem form factor smaller, e.g., by employing a single RF.
· Implementation feasibility should be further studied. Basically, a single wideband RF (LNA, mixer, local oscillator, PA, etc.) and a single wideband baseband (ADC/DAC, FFT/IFFT, decoder/encoder, buffer, etc.) would be required. For example, ADC implementation with several hundreds of MHz sampling rate is not yet mature in the mobile industry. 
Table 2 summarizes the comparison between CA/DC and single carrier operation:
Table 2: Comparison between CA/DC and single carrier operation
	
	CA/DC
	Single carrier operation

	Link adaptation
	within a CC
	within a wider single carrier

	UE energy efficiency
	via SCell activation/deactivation
	via less blind decoding

	Network energy efficiency
	via SCell activation/deactivation
	via less signalling

	Signalling overhead
	In proportion to the number of aggregated CCs (scheduling grant per CC, HARQ-ACK per CC)
	Scheduling grant per wider single carrier
HARQ-ACK per wider single carrier

	Contiguous/non-contiguous spectrum
	Not limited to contiguous spectrum
	Contiguous spectrum only

	DL/UL asymmetry
	via different number of CCs and different BW between DL and UL
	via different BW between DL and UL

	Other
	Requires larger RF standard efforts for each CA/DC band combination
	Implementation feasibility (RF, baseband) should be addressed


3 Maximum channel bandwidth
For the maximum channel bandwidth, the agreements in RAN1 NR AH are;
	Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]


In RAN4 NR AH meeting, initial inputs of possible frequency ranges or bands for NR deployments were provided and it is summarized in Table 3 [1].
Table 3: Initial input of possible frequency ranges or bands in RAN4 [1]
	Company
	R4-1700xxx
	Proposal

	Sprint, CTC, C-Spire, China Unicom
	255
	2496MHz – 2690MHz

	China Telecom
	256
	824- 849MHz/869 – 894MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2496 – 2690MHz, 3300 - 3400MHz, 3400 – 3600MHz, 4400 - 4500MHz, 4800 - 4990MHz

	AT&T
	034
	37-37.6GHz, 37.6-40GHz

	DISH Network
	193
	12.2-12.7GHz

	Orange
	194
	703-748MHz/758-803MHz, 832–862MHz/791-821MHz、1920-1980MHz/2110-2170MHz,1710-1785MHz/1805-1880MHz,2500-2570MHz/2620MHz-2690MHz,3400-3600MHz,3600-3800MHz,5.925-8.5GHz,24.25-27.5GHz,31.8-33.4GHz

	KT
	210
	880 – 915MHz/925 – 960MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2300 – 2400MHz, 3400-3700MHz, 26.5-29.5GHz, 24.25-27.5GHz, 31.8-33.4GHz, 37-40.5GHz

	CMCC
	162
	Around 3.5GHz 

	DOCOMO
	139
	3.3-4.2GHz, 4.4-4.99GHz, 26.5-29.5GHz. 

	China Unicom
	241
	3400 - 3600 MHz,  4800 - 4990 MHz, 4400 – 4500 MHz,  3300 - 3400 MHz,  2496 - 2690 MHz, 24.5 GHz-27.5 GHz, 37 GHz-43.5 GHz

	Verizon, T-mobile
	244
	27.5 – 28.35 GHz

	Etisalat
	267
	1427 – 1518MHz, 3400 - 3600MHz, 10.7 – 11.7GHz, 24.25- 27.5GHz

	Huawei, Hisilicon
	124, 267
	3.3-[3.8GHz~4.2GHz], 4.4-4.99GHz, 24.25-27.5GHz, 26.5-29.5GHz, 37-40GHz, 40.5-43.5GHz, 1427 – 1518MHz, 3400 - 3600MHz

	ZTE
	249
	3.4-3.6GHz, 24.25-27.5GHz

	Ericsson
	255, 162
	2496MHz – 2690MHz, Around 3.5GHz 

	Nokia
	255
	2496MHz – 2690MHz


According to above Table 3, the maximum possible channel bandwidth are as below:
· Sub-6GHz: 194, 200, 300, 500, 590, 900 MHz
· Above-6GHz: 500, 850 MHz, 2.4, 3, 3.25, 3.5, 6.5 GHz
This initial observation aligns with RAN1 understanding, i.e. to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15, for both sub-6GHz and above-6GHz. Further, the needs for wider than 100 MHz for sub-6GHz seems large enough. 
Observation 1: For maximum channel bandwidth, RAN1 and RAN4 are aligned with the support of at least 100 MHz per NR carrier. In addition, the needs for wider than 100 MHz for sub-6GHz seems large enough. 
In case of the maximum number of CCs, it is tightly coupled with maximum CC BW as well as the maximum aggregated total system bandwidth. The latter is KPI defined in TR38.913 while the target value is not defined yet and it may be derived by IMT-2020 requirements, or based on outcomes from RAN1/RAN4 study/design. For example, it was targeted up to 100MHz in LTE Rel-10. Therefore, the target value of maximum aggregated total system bandwidth needs to be discussed together with the maximum CC BW.
Proposal 1: In order to decide the maximum number of CCs, RAN1 is requested to set the target value of maximum aggregated total system bandwidth.
Table 4 shows example sampling rate and channel bandwidth for various subcarrier spacing and FFT size assuming that the channel bandwidths are simply scaled from the reference case, i.e. LTE.
Table 4: Example sampling rate and channel bandwidth for various subcarrier spacing and FFT size
	subcarrier spacing (kHz)
	FFT size = 2048
	FFT size = 4096
	FFT size = 8192

	
	sampling rate (MHz)
	channel bandwidth (MHz)
	sampling rate (MHz)
	channel bandwidth (MHz)
	sampling rate (MHz)
	channel bandwidth (MHz)

	15
	30.72
	20
	61.44
	40
	122.88
	80

	30
	61.44
	40
	122.88
	80
	245.76
	160

	60
	122.88
	80
	245.76
	160
	491.52
	320

	120
	245.76
	160
	491.52
	320
	983.04
	640

	240
	491.52
	320
	983.04
	640
	1966.08
	1280

	480
	983.04
	640
	1966.08
	1280
	3932.16
	2560


The candidate maximum FFT size (e.g., 2048, 4096, 8192) is not a limiting factor for implementation but (as discussed in section 2) ADC implementation with several hundreds of MHz sampling rate is not yet mature in the mobile industry. Therefore, some higher subcarrier spacing requiring higher sampling rate seem to be challenging for implementation.
Observation 2: From implementation perspective, the candidate maximum FFT size (e.g., 2048, 4096, 8192) seems not limiting factor while some higher subcarrier spacing requiring higher sampling rate seem to be challenging as of the state of the art.
3 
4 
4 Bandwidth Configurations for Single Carrier Wideband Operations
It is not necessary for a UE to always monitor a wide BW and the ~1 GHz single carrier operation can be accompanied by the 1st RF and 2nd RF BW operations/configurations to realize UE power savings (a main KPI for NR). Aspects to be considered when configuring the 1st RF BW and 2nd RF BW to a UE (from a downlink perspective) are subsequently discussed.
1st RF BW
The 1st RF BW is configured for a connected mode UE and supports at least NR-PDCCH and NR-PDSCH. Other usage cases, such as for CSI-RS, are not precluded. Depending on the use cases for the 1st RF BW, its BW values can be defined. 
The following are some of the purposes identified for the 1st RF BW:
a) Monitor the UE common information (for RRC Connected UE’s) 
b) Monitor the common per-beam information in above 6GHz systems
c) Monitor dedicated search spaces for UE specific configurations and to get configurations for the 2nd RF BW (if needed)
d) Support RRM measurements (as will be discussed shortly, this is needed if the RRM BW is inside the 1st RF BW)
Therefore, – 
1) Some part of the 1st RF BW can be UE specific 
2) The 1st RF BW can overlap with the RRM BW region i.e., the BW region which contains RS signals for RRM measurements
4.1.1 Flexible Configurations for several UEs
The 1st RF BW should allow multiplexing of NR-PDCCH transmissions for a relatively large number of UEs. Therefore, the 1st RF BW’s of UEs should overlap (i.e. have common parts for different UEs) in order for UEs to monitor UE-common information while also allowing some UE specific configurations. Specifically, if the location of the 1st RF BW is common for all UEs, there is no flexibility for further UE-specific configurations. When locations for the 1st RF BW are not identical among UEs, common control channel information may need to be duplicated in each UE-specific BW. The NW can choose between these options and accordingly, some UEs may have a common part in their 1st RF BW while others may have dedicated location and duplicate UE-common information. 
Observation 3: There is a trade off in terms of flexibility and signalling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 
2nd RF BW
Most of the issues identified for the case of 1st RF BW also remain valid for the case of the 2nd RF BW. In addition, the size of the 2nd RF BW can be UE specific and depend on a) the numerology used in a specific band, b) the data requirements for a UE. A gNB can configure a single carrier operating BW to a UE based on an indication by the UE of its capability regarding its hardware aspects such as RF BW. These issues are more prominent for the 2nd RF BW as it is considered to be much wider than the 1st RF BW and extra emphasis is necessary on the configuration of the 2nd RF BW region.
Observation 4: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.
RRM BW
The RRM BW is used for performing RRM measurements (for e.g. handover purposes, cell measurements). As agreed in NR-Adhoc, the RRM measurements can be performed with NR synch signals and other signals such as CSI-RS or wideband RS if needed. Therefore, the RRM BW can be a) same as the synch BW or b) larger than the synch BW. When synch signals are used, the RRM BW is same as the synch BW. For case (b), when wideband RS is used, the bandwidth of this RS may be configured to be the full BW so that measurement accuracy can be higher. In such cases, the wideband RS can be used for connected mode RRM measurement within UE allotted BW. Hence, the RRM BW size is greater than or equal to the synch BW. 
Observation 5: RRM BW is equal to or larger than the synch BW.
It is generally desirable to avoid having a UE to re-tune in order to perform inter-cell measurements. This will also require some network coordination where the gNB indicates to UEs the RRM BW for adjacent cells. It is therefore beneficial if RRM measurements are performed over the BW that should preferably be common among cells [2]. 
Proposal 2: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
4.1.2 RRM considerations for 1st RF BW and 2nd RF BW
The RRM considerations discussed below holds true for both the 1st RF and 2nd RF BW design. Hence, we will discuss the issues in the context of 1st RF BW for ease of exposition. 
For RRM measurements when a UE is using the 1st RF BW, the following options exist: (i) RS for RRM is inside the 1st RF BW, (ii) RS for RRM is separated from the 1st RF BW, and (iii) new RS for RRM inside the 1st RF BW for measurement purposes. 
For option (i), the 1st RF BW of all UEs will contain the RS used for RRM purposes. This can happen in the following ways – a) when synch signals are used for the RRM purposes, then the 1st RF BW of all UEs must contain this BW, and b) when the RRM BW spans the entire BW (as in the case of wideband RS), then there are RRM signals present inside the UE’s 1st RF BW (wherever it is located) that can be used for RRM measurements. For both these cases no new configurations are needed from the NW side for configuring the 1st RF BW for RRM measurements. However, note that when the RRM BW is the same as the synch BW (as mentioned earlier, when synch signals are used for RRM measurements), then the network has to configure the 1st RF BW for all UEs to overlap with the RRM BW region which can limit the ability to flexibly configure the 1st RF BW to UEs. 
For option (ii), the RRM signals used for RRM purposes are separated from the 1st RF BW. This case occurs when the RRM measurements are performed using the synch signals. In such a setting, the NW can configure measurement gaps while accounting for a re-tuning delay necessary for a UE to switch its RF from 1st RF BW region to the RRM BW region. This can increase the burden on the NW side and also increases the power consumption at the UE due to this frequent re-tuning.
For option (iii), UE re-tuning is avoided but the NW needs to provide new RS for measurements (measurement RS) inside each 1st RF BW region. This option increases the signalling overhead. 
Considering the above options and associated trade-offs, option (iii) seems least favourable considering the signalling overhead. Considering the fact that option (ii)-type configuration is already supported in LTE (e.g. for eMTC), the gNB can decide to either support option (i) or option (ii). 
Observation 6: RS for RRM inside the 1st RF BW (and 2nd RF BW) or separated from the 1st RF BW (and 2nd RF BW) with support of UE retuning are viable options for a network to select. 

5 Possible modes of operation for single carrier wideband
[image: ]
Figure 1: Possible modes of operations/ implementation for wider bandwidth [3]
Figure 1 shows the various possible implementations for wideband operations that were considered in the RAN4 discussions on the wideband support for NR. Cases 5-8 are regarded as carrier aggregation/ dual connectivity based implementations although each case may be different. For this discussion, Cases1-4 are more relevant and are regarded as the single carrier wideband operations (either from an UL or DL perspective). Of course, note that the gNB must be aware of the UE capability regarding Cases1-4 for the gNB to appropriately schedule the UE over the wide band. 
From a UE perspective, Cases 1, 2, and 4 are more straightforward from an implementation aspect. Case 3 is a non-trivial case from a UE side since the RF chains are separated. Specifically, additional attention is required to account for a) the phase discontinuity that may arise at the band edge (overlapping spectrum) of the 2 RF chains and b) synchronization errors across the 2 RF chains. This needs to be taken care via (1) avoiding any scheduling for the UE in the overlap region of the 2 RF chains and/or (2) provide additional reference signals for channel estimation and synchronization between these 2 RF chains. It is clear that option (1) needs the gNB to be aware of the UE’s RF capability which will be signaled to the gNB as part of UE capability information. In option (2), more specification efforts are necessary since the gNB must inform this UE about the presence of the additional CSI-RS signals. Also, these resources cannot be used for scheduling other users. Hence, UE specific configurations must be used by the gNB in both options. In either case, the inputs from RAN4 is necessary before RAN1 can take a decision on the impacts of the RF implementation in case-3. 
Observation 7: Supporting the implementation of case-3 from a UE side (and RAN1) needs more study and inputs from RAN4 about the impacts of supporting a wideband using 2 RF chains, but one baseband. 
While waiting for the RAN4 study, RAN1 can initially consider to support Case-3 in a CA manner for the specific UE which has 2 RF chains over a wideband. 
Proposal 3: Initial RAN1 study for supporting case-3 can be from a CA perspective.
It is clear that from an UL perspective, DFT-S-OFDM cannot be used to support Cases-3 and 4 in order to preserve the single carrier property. Hence CP-OFDM will be the default waveform that needs to be used in the UL if Cases 3, 4 have to be considered. This also mandates special considerations on the power levels for the UE uplink transmissions. However, note that in cases 1 and 2, power gains of about 3dB may be achieved due to the possibility of implementation of low PAPR DFT-S-OFDM. Hence, depending on the UE link budget and UE capability, appropriate configurations may be chosen. 
Observation 8: The applicability of DFT-S-OFDM waveform in the uplink wideband operations depends on various configurations listed above (e.g., case 3 and 4).
6 Other
The processing of code blocks is dependent on the decoder blocks i.e. hardware dependent. A UE which has parallel processing capability, especially in the decoder hardware, may perform parallel decoding on multiple code blocks simultaneously. For this reason, when a code block is limited to a specific bandwidth (with fixed boundaries well known to UE and gNB), and when interleaving is not performed across sub-bands, each code block can be parallelly processed. However since the details of the interleaving etc. have not been decided yet in RAN1, it is premature to consider the study of supporting sub-band based mechanisms.
7 Conclusions
In this contribution, NR wider bandwidth operations to support over e.g., around 1GHz contiguous spectrum are discussed. Based on above discussion, we have following observations and proposals:
Maximum channel bandwidth
Observation 1: For maximum channel bandwidth, RAN1 and RAN4 are aligned with the support of at least 100 MHz per NR carrier. In addition, the needs for wider than 100 MHz for sub-6GHz seems large enough. 
Observation 2: From implementation perspective, the candidate maximum FFT size (e.g., 2048, 4096, 8192) seems not limiting factor while some higher subcarrier spacing requiring higher sampling rate seem to be challenging as of the state of the art.
Proposal 1: In order to decide the maximum number of CCs, RAN1 is requested to set the target value of maximum aggregated total system bandwidth.
Bandwidth configurations
Observation 3: There is a trade off in terms of flexibility and signalling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 
Observation 4: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.
Observation 5: RRM BW is equal to or larger than the synch BW.
Observation 6: RS for RRM inside the 1st RF BW (and 2nd RF BW) or separated from the 1st RF BW (and 2nd RF BW) with support of UE retuning are viable options for a network to select. 
Observation 7: Supporting the implementation of case-3 from a UE side (and RAN1) needs more study and inputs from RAN4 about the impacts of supporting a wideband using 2 RF chains, but one baseband. 
Observation 8: The applicability of DFT-S-OFDM waveform in the uplink wideband operations depends on various configurations listed above (e.g., case 3 and 4).
Proposal 2: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
Proposal 3: Initial RAN1 study for supporting case-3 can be from a CA perspective.
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Annex: RAN1 agreements on wider bandwidth operations
RAN1#86bis agreements: 
	Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives
Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity
· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios
· Number of carriers
· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers
· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback
· TB mapping, i.e., per carrier or across carriers
· Carrier on/off switching mechanism
· Power control
· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity



RAN1#87 agreements:
	Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers



RAN1 NR AH agreements:
	Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]



	Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz
· The maximum number of CCs in any aggregation is [either 8 or 16]
· If it is decided that the maximum CC BW is <=100MHz
· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS
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WF: Implementation impact (2/3)

Channel
BS RF chain ¢z Hﬁ eesse———) F_
RF chain A F chain A RF chain B RF chain A F chain A RF chain B
UE RF chain (=) (o) ﬁF ﬁF
RF chain X RF chain X RF chain X RF chainY  RF chain X RF chain’Y
Case 1 Case 2 Case 3 Case 4
Channel

BS RF chain s HF mese——) Fﬁ
RF chain A F chain F chain B RF chain A F chain A RF chain

UE RF chain =) oaeeeessses) () ¢emm—m) ﬁF
RF chain X RF chain X RF chain X RFchainY  RF chain X RF chainY

Case 5 Case 6 Case 7 Case 8





image1.wmf
DL

RB

N


oleObject1.bin

