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Introduction

Following the agreement from RAN1#59 [1], a discussion took place over the e-mail reflector on simulation assumptions for further studies on CSI-RS. Agreed simulation assumptions are provided in the file attached below:
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Stage-1 parameters

		Parameter		Value				CATT		Motorola		ZTE		Nokia/NSN		Huawei		Samsung		Texas Instruments		DCM		CMCC		LG Electronics		Qualcomm

		Scope of Stage-1 simulations		Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO						General Comments:
CSI-RS should be evaluated for both SU and MU which can be evaluated separately for SU-only and MU-only operation (and later with dynamic SU/MU).Forward compatibility in providing CoMP support should also be considered.				Agree. At this stage, MU-MIMO is not in our view within the scope of this study & parametrization, the goal being to start with 8-Tx design which is primarily intended for intra-cell downlink SU-MIMO.		According to the suggestion from Abe-san, we may focus on intra-cell design first. But we should keep in mind that the inter-cell measurement shall also be supported and revisit of the decision may be needed.				Agree on the focus on intra-cell SU-MIMO especially for 8Tx. Factoring in too many schemes (especially the unlcear ones) may unnecessarily complicate the study and decision making

		Carrier frequency		2 GHz										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		Transmission bandwidth		5 MHz										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		eNB antenna configuration		8 Tx uncorrelated (to be prioritized), and/or
8 Tx cross-polarized with 0.5 lambda spacing						[x x x x] with 0.5lambda spacing		Agree on the priority. However, this should not indicate that 8Tx case and 4Tx case must have the same CSI-RS density per port per PRB.		Agree with the proposal.		Cross polarization with 0.5lamda spacing is prioritized, 8Tx uncorrelated is not precluded				Agree although X X X X model is also appropriate for 8Tx		Agree				Agree		To be noted that CSI-RS desnity (number of REs per CSI-RS port per PRB) can be different for different antenna configurations

				4 Tx uncorrelated, and/or 4 Tx cross-polarized with 0.5 lambda spacing						[x x] with 0.5lambda spacing and ULA						Both cross polarization with 0.5lamda spacing and 4Tx uncorrelated are considered						Agree				Agree

				2 Tx uncorrelated, and/or 4 Tx cross-polarized with 0.5 lambda spacing						[x] or ULA with 4lambda spacing						Both cross polarization and 2Tx uncorrelated are considered						Agree				Agree

		UE antenna configuration		2 Rx uncorrelated						cross-pol when eNB uses cross-pol, ULA with 0.5lambda if eNB uses only ULA				Agree with the proposal.		Cross polarization if eNB uses cross polarization, and 2 Rx uncorrelated if eNB uses Tx uncorrelated				Agree		Agree				Agree		Agree w/ the original proposal

		Channel model		3GPP-TU or SCM						ITU (UMi/UMa) or SCM (Urban Macro). Multiple UE drops to generate channels. Overide UE path loss with various SINR set points. For MU, random  pairing of 2 rank-1 UEs may be assumed for simplicity.				Agree that 3GPP-TU is a good baseline channel model to start with since we assume uncorrelated antennas.		3GPP-TU or SCM				Agree. Note that 3GPP-TU may still be too pessimistic (at the very high-end) in terms of frequency selectivity		Agree				Agree		Agree w/ the original proposal

		UE velocity		3 km/h								We can start with low mobility, however, higher mobility should not be exclulded, especially for those patterns with CSI-RS per port spanning into two slots per subframe.		Agree, from our earlier studies we have seen that 10 ms CSI-RS periodicity does not allow sustaining much higher velocities without noticeable degradation in performance. CSI-RS periodicity is expected to affect performance in the face of mobility more than the pattern itself.						Agree		Agree				Agree		Agree w/ the original proposal

		PDCCH / PDSCH configuration		3 / 11 OFDM symbols per subframe										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		Scheduling in time		Scheduling in every downlink sub-frame										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		Channel coding (PDSCH)		Rel-8 turbo coding										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		Number of allocated PRB		4 PRB (contiguous allocation)										Agree with the proposal.				Feedback subband size is 4 PRBs for 5MHz bandwidth (Table 7.2.2-2 in 36.213). We may simulate 4 PRBs instead, to exclude effects from granularity mismatch between feedback and allocation.		Agree with Samsung, 4 PRB should be used		No strong preference on 4 or 6RB				4PRB seems to be reasonable as mentioned by samsung to align with feedback granularity		Agree w/ the original proposal

		MCS, HARQ & link adaptation		Baseline: Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), no HARQ, no link adaptation						Rel-8 MCS, ideal CQI, no HARQ, Use "goodput" as performance metric via PHY abstration		MCS/rank adaptation should be included into the baseline.		Agree with the proposal, as this would be the case to allow "direct" comparision between companies's results.						Agree		Agree				Agree		Agree w/ the original proposal

				Recommended additionally: Rel-8 MCS, HARQ & link adaptation enabled						HARQ, link adaptation (non-ideal CQI, rank prediction etc.)				Agree with the proposal.								In addition, we plan to evaluate performance with link adaptation as well.				Agree		Agree w/ the original proposal

		Detector		MMSE for rank>1, otherwise MRC						MMSE receiver for rank-2? If rank-1 is baseline, why does the receiver type matter?				MMSE is applicable to rank-2, if simulated.												Agree		Agree w/ the original proposal

		Precoding/feedback granularity 		2 or 4 PRB as long as Rel8 compliant, should be stated						6PRB or Wideband (i.e., over 5MHz)		For 5MHz BW, the subband size is either 4RB for wideband feedback and higher-layer configured feedback, or 2RB for UE-select feedback. Moreover, for density of 1.5RE/RB/port, the reference pattern is repeated every two PRB. Feedback granularity of 3PRB seems not a convenient number for this particular case.		Agree with the proposal. In our view one should take the smallest granularity allowed by Rel'8 specifications as baseline, and it is 3 PRB for 5MHz BW. We don't think wideband PMI is too relevant here as it is expected to be rather insensitive to PMI selection errors resulting from lower CSI-RS densities. We are fine with 2 PRBs as well, as long as we capture narrow-band PMI which is expected to have the highest sensitivity to erroneous PMI selection.				Following the spec 36.213, we suggest to use 4 PRB feedback granularity for 5 MHz.		Agree with Samsung, 4 PRB should be used		No strong preference, but narrowband PMI should be evaluated.				Agree with Samsung that reusing Rel-8 feedback granularity seems to be more reasonable. So, 4PRB needs to be used		Agree w/ the original proposal

		Transmit precoding/feedback		8-Tx: 
Baseline-1: codebook with effective size of 6-bit, to be selected by each company
Baseline-2: unquantized SVD
Other size of codebook is not precluded, e.g. 4-bit, etc.						A) For SU precoding, two possible operations can be assessed, i.e., 1) codebook-based precoding with PMI/CQI reporting as in Rel-8 but 6-bit CB is not defined and 2)  eigen-beamforming 
B) For MU precoding, SLNR and regularized ZFBF may be used based on explict feedback derived from CSI-RS (feedback content may be specified by the proponents)				Agree with the proposal. In our view MU-MIMO parametrization is not within the scope of this e-mail discussion.		Both codebook based and non codebook based schemes are allowed. For codebook based scheme, no need to specify 6-bit now.		A few candidate 8-Tx 4-bit codebooks are available in contributions from previous meetings, e.g., R1-093404 and others. In this sense, we would prefer to use a 4-Tx codebook published in a contribution. We can focus on relative performance difference with different CSI RS density, when a specific codebook is used for simulations.		We are fine with any 8Tx 6-bit codebook as long as it is only used for CSI-RS evaluation/study. We expect the codebook to be constant modulus. While unquantized SVD may be simpler, PA balance cannot be guaranteed (unclear what the effect is in terms of performance).		Fine with 6bit codebook for 8Tx
SVD precoding is also acceptable.				Agree with TI that constant modulus based codebook seems to be better to study CSI-RS. Regarding the codebook size, we are fine with either 4bit or 6bit codebooks.		Consider using SVD precoding to eliminate the effect of codebook granularity on CSI-RS performance. Alternatively or additionally, allow proponents to bring results w/ various codebook sizes (not limited to 4 or 6 bits) to highlight the effect of CSI-RS density. The comment applies broadlyto all antenna configurations.

				4-Tx: Rel-8 codebook						Similar as above (Rel-8 4-bit codebook can be used for SU codebook-based study)				Agree with the proposal.						Agree		Agree				Agree

				2-Tx: Rel-8 codebook										Agree with the proposal.						Agree		Agree				Agree

		Transmission rank		Rank-1 (baseline)				Transmission rank > 2 should also be considered, maybe it'll be premature to decide based on rank1 performance, since codebook is not yet specified and we don't know how PMI estimation error will impact the overall system performance.		Should include both CB-based operation and MU/SU operation based on explicit feedback. For SU CB-based operation, CSI-RS only affects CQI/PMI for rank-1 and additional RI for rank-2. But for EBF-based SU or MU, CSI-RS affects the quality of the explicit feedback metric		We suggest to include the rank adaptation in the simulation, otherwise the purpose of CSI-RS measurement/reporting is not fully simulated.		Agree with the proposal, rank-1 performance is the one expected to get the most affected by erroneous PMI selection, hence our choice to look at rank-1 performance in priority.		Rank-1 (baseline)				While we can start with rank-1, rank-2 is also important. Agree that the effect of measurement error may be more pronounced for lower ranks. But rank-2 is low enough considering that the baseline antenna configuration for 8Tx is uncorrelated. Besides, assuming the same emasurement accuracy, rank-2 is more sensitive to error compared to rank-1 due to spatial multiplexing.		Agree				Agree with Samsung, prioritizing a specific rank seems inappropriate to study the CSI-RS. Rank adaptation should be used and the ratio of rank selection in each SINR point can be shown to see the impact of CSI-RS inaccuracy for a specific rank		Agree w/ the original proposal

				Rank-2 (not precluded)						See above				Agree with the proposal, we may also look at rank-2 performance but this is not prioritized in our view, furthermore we don't think it's feasible to consider rank adaptation for comparison purpose.		for 8Tx and 4Tx case, Rank-2 is also prioritized.		CSI RS can be used not only for precoder selection, but also for MCS and rank adaptation. Hence, it is important to include link adaption simulations adapting MCS/rank/PMI for Rel-10 performance comparison, for the discussion of CSI RS density.

		Common reference signal configuration		2 port Rel-8 CRS in every sub-frame						Not sure why we need Rel-8 CRS modeling. Is it only for adjusting throughput?				Agree with the proposal, and in our view it is only used to adjust the throughput to align with Stage-2 parameters.		In our view, it is only used for throughput adjustment. We'd better avoid the discussion of CRS/CSI-RS coexistence here				Agree		Agree				Agree		Agree w/ the original proposal

		CSI-RS allocation		Full bandwidth, single sub-frame										Agree with the proposal.						Agree		Agree				Agree		Agree but emphasize that this does not imply the design where CSI-RS of all cells are confined to a single subframe

		CSI-RS duty cycle configuration		10 ms interval is the baseline, additional duty cycle is not precluded.										Agree with the proposal.				5msec can also be simulated.		Agree		Agree				Agree		10ms or 5ms

		CSI-RS density		Alt1: 1 RE/PRB/port										Agree, these are 3 alternatives agreed to be further evaluated.				Two more setting can also be considered.		This was a part of the agreement anyway		Agree				the alternatives should be the overall overhead in a subframe in order not to preclude a specific CSI-RS pattern.		Agree w/ understanding that different density may apply to different antenna configurations

				Alt2: 1.5 RE/PRB/port														Alt 4. 1 CSI REs/PRB/port in every other RB.				Agree

				Alt3: 2 RE RE/PRB/port														Alt 5. 2 CSI REs/PRB/port in every other RB.				Agree

				CSI-RS overhead included in PDSCH throughput calculation										Agree with the proposal.						Agree		Agree				Agree		Agree w/ the original proposal

		CQI/PMI reporting delay modeling		Minimum delay of five subframes between time of computation at UE and use for precoding at eNodeB 						CSI-RS every 10ms, reporting delay 4ms, and scheduling delay 3ms		It is better to sync onto a fixed delay or a range defined by min/max, instead of a minimum delay only.		We are OK with either rapporteur proposed modeling or simplified modeling from Motorola and ZTE.		4ms reporting delay and 3 ms scheduling delay		Minimum delay of 5 msec.		Agree		Agree				Agree		Agree w/ the original proposal

		CSI-RS reference patterns		Companies are encouraged to simulate at least the reference pattern shown in page 3, other patterns could be simulated additionally				Concerning the performance of less than 2 RE/PRB/port, performance of CDM pattern should be also be considered.		Cannot agree on the reference pattern shown in sheet #3
Proponent can specify CSI-RS pattern when comparing performance result and study density issue		We share the same view as Motorola.		Agree with the proposal, that having a set of reference patterns would allow a common ground for comparison/alignment of results among different companies. Naturally, interested companies could simulate other patterns in addition. Nokia/NSN will at least simulate other pattern(s) in addition to the ones in sheet #3.		We prefer not to prioritize any specific pattern(s) at this stage.				No preference		Fine with the reference pattern. In addition, we plan to evaluate other patterns.		we think that if only FDM based CSI-RS pattern is defined as the only assumption and if gaps were found among later different companies's results, it maybe hard to come to any conclusion, but if we can have two baseline, then we can not only have an absolute difference comparison but also have an relative difference comparison among different companies's results. from this angle, we would like to suggest to set two groups of FDM based CSI-RS pattern and CDM based CSI-RS pattern respectively in the simulation assumptions to facilitate the agreement, as long as density is 1/1.5/2. As to the CDM based CSI-RS pattern, either CATT's or Moto's proposal, or some other pattern, we have no strong opinion.		We don't see any necessity of having reference CSI-RS pattern at this time to study appropriate number of RE for CSI-RS.		Agree that there is no good reason to prioritize specific reference patterns.

		Channel estimation for CQI/PMI selection		Ideal CSI for CQI/PMI selection (reference case)										Agree with the proposal.		Ideal CSI for CQI/PMI selection (reference case)				Agree		Agree				Agree		Agree w/ the original proposal

				Channel estimation over CSI-RS for CQI/PMI selection						Only for CB-based Rel-8 type operation, CSI-RS affects CQI/PMI. For Rel-10 SU/MU operation, CSI-RS affects the quality of explicit feedback		Should companies sync to the same estimation algorithm (like 2D-MMSE) with certain granularity (say 3-PRB)?		Agree with the proposal. In our view, channel estimation over CSI-RS could be left implementation specific.		Channel estimation over CSI-RS for CQI/PMI selection or eigenvector deciding in case of codebook based or non-codebook based feedback respectively				Agree		Agree				Agree		Agree w/ the original proposal

		Channel estimation for demodulation		Ideal channel estimation over DM-RS										Agree with the proposal.		DMRS is used only for throughput adjustment				Agree		Agree				Agree		Agree w/ the original proposal

		Simulation output		PDSCH throughput vs. SNR. 
10% BLER if link adaptation is used in addition to the baseline						Use goodput as an throughput upperbound since we assume ideal CE ideal link adaptation and no HARQ				Agree with the proposal.		with 10% target BLER if link adaptation is used		We share a same view to Motorola and Huawei.		Agree		Agree				Agree		Agree w/ the original proposal





Stage-2 parameters

		Parameter		Value				Motorola		ZTE		Nokia/NSN		Huawei		Samsung		Texas Instruments		LG Eletronics		Qualcomm

		Scope of Stage-2 simulations		Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance				General Comments:
1) Focus could be on CSI-RS impact on Rel-10 SU/MU operation. We should always strive for the CSI-RS density/pattern with the lowest overhead while at the same time minimizing any comprimise to SU/MU performance. 
2)  CSI-RS impact to Rel-10 and Rel-8 are two parallel aspects that can be considered together. Impact to Rel-8 UE can be evaluated separately where only the CSI-RS density matters				Agree with the proposed simulation scope and don't see here any other relevant aspect than the CSI-RS density itself.		According to the suggestion from Abe-san, we may focus on intra-cell design first. But we should keep in mind that the inter-cell measurement shall also be supported and revisit of the decision may be needed.		The performance impact to Rel-8 UEs with CSI RS insertion can be most clearly seen if we isolate out the subframes with CSI RS. In this sense, we could simulate BLER performance in CSI RS subframes.		The proposal from Samsung seems plausible as well. Overall, it seems informative to look at the performance with and without isolating the CSI-RS subframes.		We also agree with Samsung that BLER performance clearly shows the legacy impact from CSI-RS insertion. Since it is hard to align the simulation assumption for handling CSI-RS subframe when legacy UE is scheduled, it would be more infomative to see the BLER performance

		Carrier frequency		2 GHz				2				Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

		Transmission bandwidth		5 MHz								Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

		eNB antenna configuration		Rel-8 configuration : 2 Tx uncorrelated (i.e. 2 CRS for legacy UEs), 4 Tx is not precluded				Could use the same UE and eNB 2x2 configuration (i.e., cross-pol or ULA with 4lambda spacing at eNB, cross-pol UE antennas when eNB uses cross-pol and ULA with 0.5lambda if eNB uses only ULA)				Agree with the proposal.		Both 2Tx and 4Tx should be considered according to the meeting conclusion. Both cross polarization (with 0.5lamda spacing for 4Tx case) and Tx uncorrelated are considered.				Agree		Agree		To be noted that CSI-RS desnity (number of REs per CSI-RS port per PRB) can be different for different antenna configurations

				Rel-10 configuration: 8 Tx with different density (to be prioritized because it is the worst case in terms of legacy impact)				No need to define any Rel-10 operations						No need to specify Rel-10 configuration except of the CSI-RS density which is to be evaluated.						Agree

		UE antenna configuration		2 Rx uncorrelated								Agree with the proposal.		cross polarization if eNB uses cross polarization, and 2 Rx uncorrelated if eNB uses Tx uncorrelated				Agree		Agree		Agree w/ the original proposal

		Channel model		3GPP-TU				ITU (UMi/UMa) or SCM (Urban Macro)				Agree that 3GPP-TU is a good baseline channel model to start with since we assume uncorrelated antennas.		3GPP-TU or SCM				Agree		Agree		Agree w/ the original proposal

		UE velocity		3 km/h						agree as baseline, the high UE speed should also be considered.		Agree with the proposal						Agree		Agree		Agree w/ the original proposal

		PDCCH / PDSCH configuration		3 / 11 OFDM symbols per subframe								Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

		Scheduling in time		Scheduling in every downlink sub-frame								Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

		Channel coding (PDSCH)		Rel-8 turbo coding, CBRM								Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

		Number of allocated PRB		4 PRB (contiguous allocation)								Agree with the proposal.						4RB to be consistent with stage 1		Agree with TI, 4RB seems to be reasonable as far as 4RB is used in stage 1		Agree w/ the original proposal

		MCS, HARQ & link adaptation		Rel-8 MCS, HARQ & link adaptation enabled				Rel-8 operations with link adaptation		Should eNB scheduler use the same CQI->MCS maping function for R8 PDSCH in both CSI-RS subframe and non-CSI-RS subframe? In other words, is there any additional scheduler compensation/complexity (in form of MCS adjustment) for the R8 PDSCH degradation brought by CSI-RS puncture?		Agree with the proposal.				As stated above, evaluate BLER of 
Rel-8 SFBC in subframes with CSI-RS, without link adaptation. Possible MCSs can be QPSK, 16QAM, 64QAM rate 1/2.		Agree		It would be better to focus on BLER and link throughput can be shown as additional information since the link thoughput performance results can be diverse due to different assumptions on handling of CSI-RS subframe and MCS selection.		Agree w/ the original proposal

																						Agree w/ the original proposal

		Detector		MMSE for rank>1, otherwise MRC				MMSE receiver for rank-2? If rank-1 is to be prioritized, why does the receiver type matter?				MMSE is applicable to rank-2, if simulated.						Agree		Agree		Agree w/ the original proposal

		Precoding/feedback granularity 		2 or 4 PRB as long as Rel8 compliant, should be stated				6PRB or Wideband (i.e., over 5MHz)				Agree with the proposal. In Rel'8, the feedback granularity is 3 PRB for 5MHz BW.						4RB to be consistent with stage 1		Agree with TI, 4RB seems to be reasonable as far as 4RB is used in stage 1		Agree w/ the original proposal

		Transmit precoding/feedback		2-Tx Rel-8 SFBC transmit diversity (to be prioritized)				Unless link adaptation is disabled, transmission mode will not limited to SFBC or rank-1. We can assume rank1/2 CL-MIMO		We suppose no antenna virtualization should be considered here.		Agree with the proposall, since we have observed in the past that several companies showed that SFBC suffers more from CSI-RS puncturing. We don't see a need to define/assume antenna virtualization.		closed-loop precoding should be prioritized				Agree		Agree		Agree w/ the original proposal

				2-Tx Rel-8 closed-loop precoding (not precluded)								Agree with the proposal.

		Transmission rank		Rank-1 (to be prioritized)				Unless link adaptation is disabled, transmission mode will not limited to rank-1				Agree with the proposal.		Rank-1 (to be prioritized)				Agree		Agree		Agree w/ the original proposal

				Rank-2 (not precluded for closed-loop precoding)								We see little value to simulate this case.		Rank-2 is not precluded				Agree		Agree

		Common reference signal configuration		2 port Rel-8 CRS in every sub-frame								Agree with the proposal.		2 port or 4 port Rel-8 CRS in every sub-frame				Agree		Agree		Agree w/ the original proposal

		CSI-RS allocation		Full bandwidth, single sub-frame								Agree with the proposal.						Agree		Agree		Agree but emphasize that this does not imply the design where CSI-RS of all cells are confined to a single subframe

		CSI-RS duty cycle configuration		10 ms interval is the baseline, additional duty cycle is not precluded.								Agree with the proposal.						Agree		5ms can be also used as the worst case		10ms or 5ms

		CSI-RS density		Alt1: 1 RE/PRB/port								Agree, these are 3 alternatives agreed to be further evaluated.						Agree		Agree		Agree w/ understanding that different density may apply to different antenna configurations

				Alt2: 1.5 RE/PRB/port

				Alt3: 2 RE RE/PRB/port

																						Agree w/ the original proposal

		CQI/PMI reporting delay modeling		Minimum delay of five subframes between time of computation at UE and use for precoding at eNodeB 				reporting delay 4ms, and scheduling delay 3ms				We are OK with either rapporteur proposed modeling or simplified modeling from Motorola and ZTE.		4ms reporting delay, 3ms scheduling delay				Agree		Agree		Agree w/ the original proposal

		CSI-RS reference patterns		Same CSI-RS patterns used for stage-1 are used also here for stage-2.				No need to confne the options for reference pattern here. Proponent need to compare the three alternatives anyway and there is no need for defining CSI-RS patterns (one can just calrify the assumed puncturing pattern for Rel-8 UE)		We share the same view as Motorola.		Agree with the proposal, and mainly density matters here though the exact pattern might have minor impact as well. We suppose that patterns used in Stage-1 and Stage-2 are aligned.		No need for specific pattern as it doesn't have obvious impact on Rel-8 performance		We share the same view as Motorola.		No preference		As mentioned in stage-1, no need to have reference CSI-RS pattern here.		Agree that there is no good reason to prioritize specific reference patterns.

		Channel estimation for CQI/PMI selection		Channel estimation over Rel-8 CRS for CQI/PMI selection								Agree with the proposal.						Agree		Agree		Agree w/ the original proposal

																						Agree w/ the original proposal

		Channel estimation for demodulation		Realistic channel estimation over Rel-8 CRS						Should companines sync to the same estimation algorithm?		Agree with the proposal, the exact channel estimation algorithm could be left as implementation choice.						Agree		Agree		Agree w/ the original proposal

		Simulation output		Rel-8 PDSCH throughput vs. SNR, 10% BLER; 
or BLER for a given MCS.								Agree with the proposal.		with 10% target BLER		BLER (or goodput)		Agree		BLER and throughput		Agree w/ the original proposal





CSI-RS reference patterns
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