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1. Introduction
In the RAN4#42bis HSPA+ ad-hoc it was agreed that companies should further study aspects related to composite EVM vs. RCDE [2,5] and also come up with a suitable value for the 64QAM modulation accuracy requirement by reviewing the existing simulation work.

This contribution continues the discussion in [1,2,3,5] regarding the UTRA modulation accuracy requirement for 64QAM modulated codes. The available system simulation results are summarized and a recommendation for a suitable RCDE requirement is provided.
2. Discussion
Summary of the system simulation results regarding “EVM” impact
No system simulation scenario, assumptions nor methodology were agreed in this WI. Therefore companies presented results under a range of different assumptions and with different simulation methods [1,2,3]. 
Nevertheless in order to simplify the discussion and be able to come to some conclusion we have picked among the many available plots from [1,2,3] the ones presented in Table 1 and attached in Appendix A. The rationale for this selection was on the one hand to maximize the overlap of the assumptions made by the contributing companies and on the other hand to be close to the assumptions used in the E-UTRA work [4]. 
We’d like to note the following points when summarizing these results:
· Emphasis should perhaps be on the full load / non-isolated scenarios when deriving minimum performance requirements for nodeB modulation accuracy. These scenarios tend to have a very low 64QAM MCS selection probability, typically < 5 … 10 % and hence the EVM impact is relatively small. Clearly, a lower EVM (RCDE) will be required in scenarios more favourable for selection of 64QAM MCS, i.e. low load macro or micro/pico cells. However, standardising this is likely to require consideration of BS class specific EVM (RCDE) requirements [7] and power back-off, requiring more time to complete the WI. Nevertheless, operator feedback for which 64QAM usage scenario to write the specifications for is welcome.
· When assessing the EVM (RCDE) impact we should limit this to the 64QAM MCS only (as done in [4] for E-UTRA and in [3]). Looking at the Tput loss across all MCS as in [2] doesn’t really tell anything about the impact on the most advantaged users (peak bit rates) for which 64QAM is targeted for. As results in [1,2] don’t provide the average Tput loss across 64QAM MCS, we’d propose to look at the 95 % point of user Tput CDF instead.
· Care needs to be exercised when reading the Tput losses off as a function of the composite EVM. As explained in the next section, the resulting code TX SNR does depend on the assumed HS-PDSCH power allocation for which companies chose different values. In Table 1 we provide the required composite EVM for 9% RCDE (code TX SNR) in order to compare apples with apples.
Table 1. Selected system simulation results
	Aspect
	[1, Fig 2]
	[2, Annex B, 2nd plot]
	[3]

	System scenario
	19 cells/3 sect, macro, ISD=500 m, PA3
	19 cells/3 sect, macro, ISD=500 m, PA3
	19 cells/1 sect, macro, ISD=1000 m

	Antenna backlobe limiting the TX SNR?
	Yes, <17 dB SNR (
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= 20 dB)
	Yes, <17 dB SNR (
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= 20 dB)
	No (omni)

	Load condition / extra Isolation
	Full load, no extra isolation
	Full load, no extra isolation
	Full load (?), 6 dB extra isolation

	Scheduler / traffic model
	RR / full buffer
	RR / full buffer
	n.a.

	UE RX EVM
	0 %
	7 %
	7 %

	SCH interference included?
	No
	No (?)
	No (?)

	Tput loss averaged over 64QAM MCS only?
	no, use the 95 % point of user Tput CDF instead
	no, use the 95 % point of user Tput CDF instead
	yes

	# of HS-PDSCH codes
	15
	15
	n.a.

	HS-PDSCH power allocation [dB]
	-1.25 dB (75%)
	-1.85 (65%)
	n.a.

	Required composite EVM to reach 9% RCDE (according to App. B)
	8 %
	7.5 %
	9 % 

(HS-PDSCH power allocation not modelled)

	Tput loss for 9 % RCDE
	7.5 %
	4.5 %
	6.3 %


If one would aim at comparable performance as for E-UTRA then ~9 % RCDE appears appropriate. The E-UTRA “EVM” is conceptually a RB TX SNR and hence can be related readily to the RCDE here (but not to the composite EVM). For E-UTRA to achieve 5 % Tput loss requires 7 … 8 % E-UTRA “EVM” according to [4] which ties up with the 9 % RCDE here, noting that E-UTRA is expected to enjoy in the order of 1 % relaxation due to equalisation of some TX impairments.
Impact of HS-PDSCH power allocation on RCDE
Regarding the question of composite EVM vs. RCDE discussed in [2,5] there are 2 questions to be resolved:
1. for which “EVM” measure to derive the value for the modulation accuracy requirement
2. what “EVM” measure to use in the actual specifications for the general requirement (TS 25.104) and for the test (TS 25.141).

According to our understanding all companies agree that it’s the HS-PDSCH code TX SNR which determines the UE impact and hence that the RCDE as such is the more immediate measure. Now, it’s true as stated in [2] that the composite EVM and RCDE can be related to each other and we provide the corresponding “converter” in Appendix B. However, for this conversion one needs to make an assumption wrt HS-PDSCH code and power allocations. Example for 15 codes and 9 % composite EVM:
Table 2. composite EVM vs. RCDE as function of HS-PDSCH power allocation

	HS-PDSCH power allocation
	Composite EVM
	Resulting RCDE

	-1 dB
	9 %
	9.8 %

	-2 dB
	9 %
	11 %

	-3 dB
	9 %
	12.3 %


When looking at the results [1,2,3] this difference in RCDE will have a noticeable impact on Tput, so one should not simply cancel the HS-PDSCH power allocation out of the equation when setting a modulation accuracy requirement.
Regarding the above question 1) our recommendation is to first discuss and agree the value for the modulation accuracy requirement based on the RCDE as we did in Table 1 in order to have an unambiguous understanding in RAN4 about the accepted system impact.
Then regarding the question 2) what EVM metric to use in the actual specifications: for the test specifications (TS 25.141) as such one could go either way as here one has full control over the HS-PDSCH code and power allocations. However for the general requirement in TS 25.104 we still see an advantage to use the RCDE for the above reason of having an unambiguous general requirement regardless of the HS-PDSCH power allocation. 
The RCDE isn’t really a new concept as it’s closely related to the definition of the PCDE and thus the already existing definitions in TS 25.141 can be readily reused. Tentative CRs for RCDE were already provided [5] and we don’t see from the timeline of this WI any advantage for the composite EVM, as the work amounts in closing the remaining open issues (detailed definition of TM, wrapping up detailed text for the EVM averaging lengths, etc) are the same anyway. So we’d recommend using the RCDE for 2) as well.
Impact of SCH interference

Before settling on a concrete RCDE value for the modulation accuracy requirement, we would like to point out 2 more aspects which haven’t gotten so far attention, neither in RAN1 nor in RAN4: 
1. How does the SCH interference impact the TX SNR of 64QAM modulated codes?

2. How should this additional impairment
 be reflected in deriving the RCDE?
SCH interference results from the non-orthogonality within 1/10th of a slot and will show up as additional noise component in the code TX SNR. As a code-leakage effect, it is clearly not visible in the composite EVM, but neither in the RCDE as proposed in [5], as here the error signal is calculated first and then projected on to the wanted codes. SCH interference could be made visible in a modified RCDE definition, in which the composite signal is despread first, followed by computation of the error vector in the code domain. While this would be the TX SNR the UE sees, we do not recommend this approach, as SCH interference is not caused by any TX modulation inaccuracy.
To answer the 1st question, simulation results for SCH interference are provided in Appendix C. The TX signal is constructed according to the agreed DL simulation assumptions in [6], i.e. SCH - P-CCPCH at -12 dB and -2 dB power allocation to 15 HS-PDSCHs. The results indicate an equivalent interference level of ~-20 dB or 10 % RCDE on the HS-PDSCH codes. This is indeed quite a significant contribution when related with the above assumptions on TX and RX EVM and thus SCH interference must not be ignored.
As a consequence, one expects SCH interference to modify the Tput loss results reported in [1,2,3], in particular those in which extra isolation or low load conditions were assumed, i.e. the main area of interest for 64QAM. But even the more pessimistic example scenarios from Table 1 would need to be re-visited: for the same 9 % RCDE due to nodeB TX impairments and now additionally 10 % RCDE due to SCH we end up with a composite TX SNR on the HS-PDSCH codes of ~13.5 % which leads to an estimated Tput loss of ~11.2 % (up from 6.3 %) according to the model of [3].
Regarding the 2nd question - how should the SCH interference be reflected in deriving the RCDE? – we see 2 options to proceed:
1. Assume that the SCH interference would be removed within the system. From a nodeB perspective, this could be done e.g. by not transmitting the SCH during 64QAM TTIs. In this case the above analysis resulting in the 9% RCDE proposal should be appropriate.
2. Assume that the SCH interference is present within the system. In this case we recommend relaxing the nodeB RCDE, as there is now a larger backdrop of other-noise (UE RX EVM + SCH interference) to measure the nodeB RCDE against. Assuming the same split of the TX-RX SNR impairment budget as without SCH interference, i.e. 9% (TX) and 7% (RX), one could justify perhaps a TX RCDE of ~11.5 % (= 9.4 % composite EVM @ -2 dB HS-PDSCH power allocation).
We’d recommend the first option, that is to say assuming that SCH interference would be removed within the system and we based our CR proposals on this.
3. Conclusion and way forward
Based on the analysis of this paper and pending clarification by RAN4 of the few open points raised, we’d propose 9 % RCDE for all BS classes.
Should this be not acceptable then we recommend the following steps to come to an agreement:

1. Confirm that RCDE [5] is the appropriate metric to capture code TX SNR and thus for deriving a numerical value for a BS modulation accuracy requirement (this does not imply that we will also test with RCDE)
2. Agree on how SCH self-interference should be reflected in the derivation of the RCDE numerical value
3. Confirm if a single BS modulation accuracy requirements will be formulated applicable to all BS classes ([7])

4. Agree the RCDE numerical value for BS modulation accuracy 
5. Agree whether the RCDE according to [5] shall be used for TS 25.104/141 or instead a composite EVM requirement [2]. If the latter one is chosen, an assumption about HS-PDSCH power allocation needs to be agreed with the default of the same value used for the DL simulation assumptions in [6] for the UE.
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Appendix A: Summary of the system simulation results
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Figure 2. User throughput cdf in PA3 at 500m site-to-site distance without additional cell isolation, (copied from [1])
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(copied from [2], Annex. B, 2nd plot)
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Appendix B: Conversion of composite EVM into RCDE
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HS-PDSCH power allocation 63.1% -2dB

HS-PDSCH code power -13.8dB

Composite EVM 9% -20.9dB

RCDE 11.0% -19.2dB


This computation is in line with the corresponding formulas presented in [2].
Appendix C: Simulation results for SCH interference

The TX signal is according to the agreed DL simulation assumptions in [6], i.e. SCH-P-CCPCH at -12 dB and -2 dB power allocation to 15 HS-PDSCHs. 
Simulation duration is 2 frames. Red= average over 16 chips, Black= average over 16*16 chips.
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� One could argue if the term “impairment” is appropriate, as SCH interference is a property of the (even ideal) TX signal itself and not an “RF imperfection” in the usually understood sense
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