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Introduction
In RAN#86, Rel-17 WID of further enhancements on NR MIMO is approved [1] in which a particular point is for HST-SFN deployment, targeting for both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 
a. 
b. 
c. 
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


To fairly compare the performance among companies, the consensus was achieved for simulation assumptions in RAN1#102e meeting [2]. Meanwhile, some agreements were also made to categorize the potential enhancement solutions for MTRP HST scenario in RAN1#103e [3] and RAN1#104e [4].
In this contribution, we provide our proposals and corresponding simulation results to support enhancements for HST-SFN deployment. 
Discussion
2.1  SFN for PDSCH/PDCCH
[bookmark: OLE_LINK9]SFN based MTRP is a very typical solution to enhance transmission reliability in HST scenario, where multiple TRPs transmit the same data to a UE based on the same DMRS port(s). Based on Rel-15/16 specification, one effective TRS can be configured to UE in order to implement SFN based solution in HST scenario. However, from the simulation results and analysis in our previous contribution [5], one effective TRS may provide incorrect frequency offset estimation and further cause performance degradation. So in order to solve this problem, two candidate solutions from UE side and gNB side respectively can be considered as shown in the two sub-bullets of WID.
In RAN1#103 e-meeting, the agreements for DMRS ports and QCL relation are described as follows:
	Agreement#1:
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement#2:
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation


In RAN1#104 e-meeting, scheme 1, i.e. SFN based UE side frequency offset estimation is confirmed. The agreements for scheme 1 and QCL assumption are described as follows:
	[bookmark: OLE_LINK6]Agreement#3:
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
Agreement#4:
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS


From the above agreements, for UE based solution Variant E for QCL assumption in the TCI state is used. However, the network based solution (frequency offset pre-compensation) is still FFS, different variants above for QCL assumptions may be needed as we analyze in the remaining subsections.
Frequency offset pre-compensation at gNB side
The pre-compensation procedure is shown in Figure 1 and several steps are listed as following to elaborate the solution.
· 
[bookmark: OLE_LINK8][bookmark: OLE_LINK1]Step 1: TRS0 is first transmitted from TRP0. Based on estimation of TRS0, UE modulate its center frequency for UL signal transmission, e.g. SRS. Because of Doppler shift between UE and TRP0, the center frequency of SRS transmission will be ;
· 

[bookmark: OLE_LINK2][bookmark: OLE_LINK16]Step 2: TRP0 receives SRS on the center frequency , and TRP1 received SRS on the center frequency ;
· 
Step 3: TRP1 can get the frequency offset  between TRP1 and TRP0;
· Step 4: TRP1 does frequency offset pre-compensation on PDSCH and DMRS so that the frequency offset of PDSCH and DMRS from two TRPs are the same, but TRS1 is still transmitted on fc. Since the transmit center frequency of TRS0 and PDSCH/DMRS are the same, TRS0 can be used for QCL-TypeA estimation including both Doppler parameters and delay parameters. However, TRS1 is used only for delay related estimation. 
· [image: ]
Figure 1. Procedure for gNB pre-compensation based solution
Some companies elaborated in RAN1#104 e-meeting that DPS shows better performance than MTRP SFN which is based on the frequency offset pre-compensation at gNB side. For comparison, four scenarios including DPS are evaluated in our simulation:
1) Pre-compensation based transmission as shown in Figure 1;
2) DPS is used based on the UE’s location in the simulation, i.e. if the distance between UE and the first TRP is less than 350 meters, the first TRP transmits PDSCH to UE, otherwise, the second TRP transmits PDSCH to UE.
3) SFN Scheme 1 as shown in above Agreement#3 and #4. 
4) Pre-compensation with small delay CDD. The delay is added to the TRP which is farther from the UE, i.e. if the UE’s location is smaller than 350 meters, the PDSCH from the second TRP is transmitted with an additional delay.   
Figure 2 shows the simulation comparisons based on different UE locations. The same transmitting power is assumed for both TRPs and 10 degree down-tilt is used for each TRP as suggested by [6]. In addition, MCS adaption is used in order to well reflect the performance comparison especially in the case SNR is very low or high. Other simulation assumptions are basically based on the baseline assumptions which was agreed in RAN1#102-e meeting.
From the simulation results, it can be found, SFN pre-compensation either with or without small delay CDD achieves better performance than scheme 1 and DPS at UE positions around the middle point between two TRPs. Also, it can be observed that SFN pre-compensation with small delay CDD provide the best performance because it avoids opposite channel phases of two TRPs at the same path, and increases the transmission robustness in high speed train scenario. It is note that small delay CDD is gNB implementation without specification impact.
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[bookmark: OLE_LINK21][bookmark: OLE_LINK14]Figure 2 Simulation results with different UE locations with down-tilt
In Figure 3, we further provide the performance comparisons where the antenna down-tilt is based on what was agreed in RAN1#102-e meeting, that is, two TRP’s antenna down-tilts point to the midpoint between the two TRPs. From the simulation results, it can still be observed that SFN with pre-compensation either with or without small delay CDD provides better performance than DPS and SFN scheme 1. 
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Figure 3 Simulation results with different UE locations with down-tilt
In addition, more simulation results on other non-baseline evaluation setups, e.g., antenna array [1, 1, 1, 1, 2], are shown in Appendix (Section 5.2) to give a more comprehensive comparison of different schemes. Similar observations can be seen from these results.
Observation 1: SFN pre-compensation at gNB side makes better performance than scheme 1 for all the UE locations, and also makes better performance than DPS around the middle point between two TRPs.
Proposal 1: Frequency offset pre-compensation at gNB side should be supported.
If pre-compensation at gNB side is supported, two TCI states for the same DMRS port(s) are required. From Figure 1 it can be found the frequency offset is estimated mainly based on TRS0, so UE should get Doppler related parameters based on the TCI state of TRS0, and get the delay related parameters from both of the two TCI states. So UE estimates the Doppler and delay related parameter from one of two TCI states, and only estimate delay related parameters from the other TCI state.
From specification perspective, there are two ways to support the above procedure as the following Alt 1 and Alt 2.
· Alt.1: A new QCL type E is introduced which may only contain {average delay, delay spread}. 
· There is RRC impact for TCI state structure as follows

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD, typeE},
    ...
}
· The number of supported beams will be reduced or the required number of support TCI states should be increased.
· Based on the current specification, maximum 128 TCI states can be configured by RRC signaling to PDSCH, PDCCH, CSI-RS and also possible to UL signals as being discussed in agenda 8.1.1 for unified TCI framework. In other words, the same TCI state can be configured to multiple signals. In FR2, 128 TCI states may correspond to 128 beams. However, if the new QCL type E is introduced, one new TCI state which includes the new QCL type E can only be configured for SFN mannered PDSCH (possible also for SFN mannered PDCCH), but impossible to be configured for all other signals including CSI-RS, non-SFN mannered PDSCH, e.g. single-TRP based PDSCH, etc., even the suitable TRS resource is included in the new TCI state. Then, the  configured TCI states  are split into two parts, one part is for SFN mannered PDSCH/PDCCH, the other part is for non-SFN mannered PDCCH, PDSCH, CSI-RS, etc. In such case, the maximum number of supported TCI states may need to be increased. Otherwise, maximum 128 beams cannot be reached for all the signals. 
· For example, maximum 128 beams are needed for a UE where the first 64 TCI sates corresponding to 64 beams are for TRP 0, and the other 64 TCI states also corresponding to 64 beams are for TRP1. If all of the second 64 TCI states for TRP 1 are new QCL typeE which can only be used for SFN mannered PDCCH/PDSCH, another 64 traditional TCI states should be configured for non-SFN mannered PDCCH/PDSCH, CSI-RS for TRP1. So the number of configured TCI states for TRP 1 should be 64+64=128 for 64 beams. The total number of configured TCI states for both TRP0 and TRP1 should be 64+128 = 192 to support 128 beams.  
· The flexibility of activated beams by MACCE will be sacrificed. 
· Currently, maximum 8 TCI states can be activated by MACCE, wherein one TCI codepoint can map one or two TCI states. For the TCI codepoint mapping to single TCI state, it can be used for single-TRP transmission. For the TCI codepoint mapping to two TCI states, it probably can be used for Rel-16 MTRP including SDM, FDMA, FDMB, TDMA, TDMB and Rel-17 SFN mannered PDSCH. If the new QCL type E is introduced, a TCI codepoint with the new TCI state can only be used for Rel-17 SFN mannered PDSCH, and not used for Rel-16 MTRP anymore. Thus, two separate TCI codepoints should be used for Rel-17 SFN and Rel-16 MTRP scheme respectively even they mapped the same TRS resource as QCL source.
· For example, 8 TCI codepoints can only support maximum 4 beam pairs for MTRP including Rel-17 SFN and Rel-16 MTRP schemes.
· Alt.2: When frequency offset pre-compensation solution is indicated for PDSCH transmission, UE only uses {average delay, delay spread} from the second TCI state (or the first TCI state). That is, UE ignores {Doppler shift, Doppler spread} 
· There is no RRC impact for TCI state structure. The TCI state structure, indication and activation by MACCE are exactly the same as Rel-16. 
· There is not any flexibility sacrifice compared with Rel-16. 
· In FR1 for MTRP, only two TCI states are needed for Alt.2, but at least three TCI states are needed for Alt.1.
Based on the above analysis, we make the following proposal.
Proposal 2: When frequency offset pre-compensation solution is indicated for PDSCH transmission, UE only uses {average delay, delay spread} from the second TCI state (or the first TCI state), that is UE ignores {Doppler shift, Doppler spread} from the second TCI state (or the first TCI state). 
Switching between SFN and legacy transmission schemes
	Agreement#5:
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.


In RAN1#104 e-meeting, RRC based switching between SFN scheme 1 and Rel-16 TDM-A/TDM-B/FDM-A/FDM-B method was agreed. There are still two issues left.
· Issue1: Whether support dynamic switching between SFN scheme 1 and STRP transmission
In our view, STRP transmission is the most basic transmission scheme, and it should be always supported even SFN or other MTRP scheme is enabled by RRC signaling. So dynamic switching between SFN and STRP should be supported without additional UE capability. Further, dynamic switching between PDSCH scheduled by fall back DCI format 1_0 which is STRP transmission and SFN PDSCH have to be supported. That is, dynamic switching between SFN scheme 1 and STRP transmission should be supported.
· Issue2: Whether support dynamic switching between SFN scheme 1 and Rel-16 SDM based MTRP
Since Rel-16 has supported dynamic switching between SDM and other MTRP schemes, it is natural to support dynamic switching between SFN scheme 1 and SDM in Rel-17 as well. Otherwise, it will be a backward design.
If frequency offset pre-compensation based solution described in section 2.1.1 is agreed, only one of SFN scheme 1 and frequency offset pre-compensation based solution can be enabled by RRC signaling. The dynamic switching among frequency offset pre-compensation based SFN, STRP and Rel-16 SDM MTRP should also be supported.  
[bookmark: OLE_LINK7][bookmark: OLE_LINK3][bookmark: OLE_LINK15][bookmark: OLE_LINK19]Proposal 3: Support dynamic switching among single-TRP, Rel-17 SFN and Rel-16 SDM MTRP scheme. 
In addition, because of high UE speed and mostly LoS link propagation, PDSCH transmission rank is usually limited, e.g. up to rank 2. It is natural to restrict all allocated DMRS ports within one CDM group for SFN mannered PDSCH transmission. Then, it could be possible to support dynamic switching between MTRP SDM and SFN manner differentiated by the number of CDM groups.
Proposal 4: For SFN based PDSCH transmission, support all DMRS ports are within one CDM group
2.2  Default TCI state
	Agreement#6:
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details


In the case when the slot offset between PDCCH and PDSCH/AP CSI-RS is smaller than the threshold, UE will use the default beam for DL receiving, where the default beam of PDSCH/AP CSI-RS may be the same as PDCCH based on Rel-15 and Rel-16 procedure. However, as shown in above Agreement#6 which supports SFN mannered PDCCH with two TCI states, if there is mismatch between the number of indicated TCI states for PDCCH and for PDSCH/AP CSI-RS in Rel-17, the rule of default TCI states defined in Rel-15 and Rel-16 may not be applied directly. 
2.2.1 For PDSCH
For PDSCH default TCI states, there are following cases should be discussed. 
· Case 1: at least one TCI codepoint in MACCE indicates two TCI states
In Rel-16, when the slot offset between PDCCH and PDSCH is smaller than the threshold, if at least one TCI codepoint indicates two TCI states and the higher layer configured with enableTwoDefaultTCI-States, the default TCI states of PDSCH for Rel-16 MTRP should be the TCI states contained in the lowest codepoint among the TCI codepoints containing two different TCI states. The mapping between two default TCI states and PDSCH transmission occasions depends on the specific MTRP schemes, e.g. TDMA, TDMB, etc.
In Rel-17, if SFN based MTRP transmission is used for PDSCH, the two TCI states in the lowest codepoint containing two TCI states can still be used as default TCI states when the slot offset between PDCCH and PDSCH is smaller than the threshold. That is, each DMRS port of PDSCH transmission should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
If there is dynamic switching between single TRP and SFN based MTRP, and the real PDSCH transmission is single TRP scheduling rather than MTRP, it is better to use the first one of default TCI states for simplicity. 
Proposal 5: When the slot offset between PDCCH and PDSCH is smaller than the threshold, and at least one TCI codepoint indicates two TCI states
· If SFN based MTRP transmission is used for PDSCH, each DMRS port of PDSCH should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· If there is dynamic switching between single TRP and SFN based MTRP, and single TRP transmission is actually used for PDSCH, each DMRS port of PDSCH should be associated with the first one of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· Case 2: no TCI codepoint containing two TCI states or UE is not able to support two default beams
In Rel-16, if there is no TCI codepoint containing two TCI states or UE is not able to support two default beams, the PDSCH should be single TRP scheduling, and the PDSCH QCL assumption is from the TCI state of the CORESET with the lowest index in the latest slot.
However, if two TCI states are activated for this CORESET in Rel-17 SFN based PDCCH, the number of TCI states for the CORESET will be larger than for PDSCH. Similarly, we think the first one of the two TCI states of the CORESET with the lowest index in the latest slot should be used as the default TCI state. 
Proposal 6: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if there is no TCI codepoint containing two TCI states or UE is not able to support two default beams of PDSCH, each DMRS port of PDSCH should be associated with the first one of the two TCI states of the CORESET with the lowest index in the latest slot.
· Case 3: DCI format not having the TCI field present
In Rel-16, if the PDSCH is scheduled by a DCI format 1_1 or 1_2 which has no TCI field present, or scheduled by a DCI format 1_0, the PDSCH should be single TRP scheduling. For determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption of the CORESET used for the scheduling PDCCH transmission. 
In Rel-17, if two TCI states are activated for the scheduling PDCCH using SFN, it is also natural to use the first one of two activated TCI states of the scheduling PDCCH. 
[bookmark: OLE_LINK5]Proposal 7: If PDSCH is scheduled by a PDCCH without TCI field present, the UE assumes that the TCI state of the PDSCH is identical to the first one of two activated TCI states of the PDCCH.
2.2.2 For AP CSI-RS
In Rel-16 for AP CSI-RS transmission, when the slot offset between PDCCH and AP CSI-RS is smaller than the threshold, if UE is not able to support Rel-16 default beam feature, i.e. without RRC parameter enableDefaultTCIStatePerCoresetPoolIndex or enableTwoDefaultTCIStates, the default TCI principle is the same as Rel-15, that is 
· If there is no other signal on the symbol with the AP CSI-RS, the default TCI of the AP CSI-RS is the TCI state used for the CORESET with the lowest index in the latest slot. 
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows the other signal. 
In Rel-17, considering the SFN based PDCCH, two TCI states may be activated by MAC CE for the CORESET with lowest index, so it should be discussed which one of these two TCI states being used as the default TCI state of AP CSI-RS. Naturally, the first one of the two TCI states should be used as the default TCI states when there is no other signal on the same symbol with the AP CSI-RS.
[bookmark: OLE_LINK18]When there are other signals, e.g. SFN based PDSCH, a similar issue appears, and it is natural to use the first TCI state of the other signal as well.
If UE is able to support Rel-16 default beam feature, the Rel-16 principle can be reused where the first one of the two TCI states in the lowest TCI codepoint or the first TCI state of other signal is used as AP CSI-RS default beam. There seems no need to be enhanced. 
[bookmark: OLE_LINK17]Proposal 8: 
· When the slot offset between PDCCH and aperiodic CSI-RS is smaller than the threshold, and 
· If UE is not able to support Rel-16 default beam feature, 
· If there is no other signal on the symbol with aperiodic CSI-RS, the first one of the two TCI states of the CORESET with lowest index should be used as the default TCI state of the aperiodic CSI-RS.
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows  the first TCI state of the other signal.
· If UE is able to support Rel-16 default beam feature, reuse Rel-16 default beam rules.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance HST-SFN deployment scenario. The proposals are given below. 
Observation 1: SFN pre-compensation at gNB side makes better performance than scheme 1 for all the UE locations, and also makes better performance than DPS around the middle point between two TRPs.\
Proposal 1: Frequency offset pre-compensation at gNB side should be supported.
Proposal 2: When frequency offset pre-compensation solution is indicated for PDSCH transmission, UE only uses {average delay, delay spread} from the second TCI state (or the first TCI state), that is UE ignores {Doppler shift, Doppler spread} from the second TCI state (or the first TCI state). 
Proposal 3: Support dynamic switching among single-TRP, Rel-17 SFN and Rel-16 SDM MTRP scheme. 
Proposal 4: For SFN based PDSCH transmission, support all DMRS ports are within one CDM group
Proposal 5: When the slot offset between PDCCH and PDSCH is smaller than the threshold, and at least one TCI codepoint indicates two TCI states
· If SFN based MTRP transmission is used for PDSCH, each DMRS port of PDSCH should be associated with the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
· If there is dynamic switching between single TRP and SFN based MTRP, and single TRP transmission is actually used for PDSCH, each DMRS port of PDSCH should be associated with the first one of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states.
Proposal 6: When the slot offset between PDCCH and PDSCH is smaller than the threshold, if there is no TCI codepoint containing two TCI states or UE is not able to support two default beams of PDSCH, each DMRS port of PDSCH should be associated with the first one of the two TCI states of the CORESET with the lowest index in the latest slot.
Proposal 7: If PDSCH is scheduled by a PDCCH without TCI field present, the UE assumes that the TCI state of the PDSCH is identical to the first one of two activated TCI states of the PDCCH.
Proposal 8: 
· When the slot offset between PDCCH and aperiodic CSI-RS is smaller than the threshold, and 
· If UE is not able to support Rel-16 default beam feature, 
· If there is no other signal on the symbol with aperiodic CSI-RS, the first one of the two TCI states of the CORESET with lowest index should be used as the default TCI state of the aperiodic CSI-RS.
· If there is other signal on the same symbol with the AP CSI-RS, the default TCI of the AP CSI-RS follows  the first TCI state of the other signal.
· If UE is able to support Rel-16 default beam feature, reuse Rel-16 default beam rules.
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Appendix
3. 
4. 
5. 
5.1  Simulation assumptions
Table 5-1 LLS assumptions for multi-TRP performance evaluation
	Parameter
	Value

	Duplexing 
	TDD

	TRP layout (Ds, Dmin, etc)
	Ds=700m, Dmin=150m,TRP height = 35m,UE height = 1.5m

	gNB antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 2, 2],
directional antenna 

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2] 
omni-directional antenna

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1+1+1

	MCS
	 MCS adaptation

	Number of scheduled RBs
	25

	Propagation condition
	CDL_D DS = 100ns

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern

	PDSCH / PUSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 1

	BW
	20MHz

	Carrier frequency or maximum Doppler shift
	3.5GHz,500kmph

	Performance metric
	Throughput

	Other assumptions or simulation parameters, e.g., correlation 
	SCS: 30kHz



5.2  More simulation results
[bookmark: _GoBack]We provide some simulation results based on single antenna element per transmitting antenna port, i.e. gNB antenna configuration is [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2]. The down-tilt of each TRP is 10 degrees and other simulation assumptions are shown in Table 5.1. As shown in Figure 4, these simulation results also show that pre-compensation either with or without small delay CDD achieves better performance than scheme 1 and DPS. 
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Figure 4 Simulation results with different UE locations with down-tilt


6

image3.wmf
1

ˆ

f

f

UE

D

+


oleObject4.bin

image4.wmf
1

0

ˆ

ˆ

f

f

D

-

D


image5.png
UE receives TRS, on

TRPO N 2 TRP1
_the carrierfit a7, 0
TRS;on f, | &%
UE transmits SRS
based on UL carrier:
oot o
SRS(fe) T SRS(f,e)
TRP1 receivgs SRS on
TRPO receil/es SRS on the carrier: fue+ 4f;
the carrier fue+ A7, TRP1 gets the pre-
compensation frequecy
offset Afy — &
TRS,/DMRS/ = M TRS, on f,,
PDSCH on f,. DMIE/PDSCH
UE receives TRS, /SFN DMRS/SFN on f. +Mw *M
PDSCH on the carrierf.+ A7,




image6.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

S

E

3.5GHz,500km/h,0dB,10 degree's downtilt

Pre-compensation

DPS

scheme 1

Pre-compensation with SCDD


image7.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

3

S

E

3.5GHz,500km/h,4dB, 10 degree's downtilt

Pre-compensation

DPS

scheme 1

Pre-compensation with SCDD


image8.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

3

3.5

S

E

3.5GHz, 500km/h, 8dB, 10degree's downtilt

Pre-compensation

DPS

scheme 1

Pre-compensation with SCDD


oleObject5.bin

image9.wmf
°

10


image10.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

S

E

3.5GHz,500km/h,0dB,5 degree's downtilt

Pre-compensation

DPS

scheme 1

Pre-compensation with SCDD


image11.emf
0 100 200 300 400 500 600 700

UE Location(m)

0.5

1

1.5

2

2.5

3

S

E

3.5GHz,500km/h ,4 dB, 5 degree's downtilt

Pre-compensation

DPS

scheme-1

Pre-compensation with SCDD


image12.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

3

3.5

S

E

3.5GHz,500km/h,8dB,5 degree's downtilt

Pre-compensation

DPS

scheme 1

Pre-compensation with SCDD


oleObject6.bin

image13.wmf
°

5


image14.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

S

E

(

b

p

s

)

3.5GHz 500km/h SNR=0dB

Pre-compensaion

DPS

scheme-1

Pre-compensation+SCDD


image15.emf
0 100 200 300 400 500 600 700

UE Location(m)

0

0.5

1

1.5

2

2.5

S

E

(

b

p

s

)

3.5GHz 500km/h SNR=10dB

Pre-compensaion

DPS

scheme-1

Pre-compensation+SCDD


oleObject7.bin

oleObject1.bin

image1.wmf
0

ˆ

f

f

c

D

+


oleObject2.bin

image2.wmf
0

ˆ

f

f

UE

D

+


oleObject3.bin

