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1. Introduction
The DL Reference Measurement Channels for performance tests are defined to have HARQ retransmissions. Especially in the case of TDD there are many possibilities for defining scheduling patterns, with different roundtrip times for the retransmitted TB-s. Considering the fading propagation channel, the different correlations of this roundtrip time with the channel time-coherence after applying the Doppler-shift, can affect the outcome of HARQ combining and thus the throughput value and test outcome. In this paper, we define possible scheduling patterns and try to agree on common scheduling principles that exclude the above scenario. 
In the case of UL-RMC-s, DL-RMC-s for receiver characteristics and several CQI-RMC-s, there is only one HARQ transmission i.e. no retransmissions, hence this concern is not relevant. On the other hand PMI tests use also RMC-s from the pool of performance DL-RMC-s, so this contribution addresses to these tests as well.   

2. Discussion
To define a scheduling pattern the first factor to be considered is the minimal time needed to acknowledge and (eventually) retransmit a TB (minimal roundtrip time). For DL FDD this minimal roundtrip time is 8 subframes (4 subframes for acknowledgement from UE + 4 subframes for retransmission preparation at BS), while for DL TDD, it depends on the UL/DL-configuration and the subframe where the initial transmission occurs. Based on Table 10.1-1 in [1] and considering a delay of 4 subframes for retransmission preparation at BS, we have calculated the TDD minimal roundtrip times and summarized in Table 1. Interesting for us here, is only the row for UL/DL-Configuration 1, which is the configuration used in RMC-s.

	UL-DL

Configuration
	Subframe n (initial transmission)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	Minimal roundtrip time in subframes

	0
	8
	10
	-
	-
	-
	8
	10
	-
	-
	-

	1
	11
	10
	-
	-
	8
	11
	10
	-
	-
	8

	2
	11
	10
	-
	8
	12
	11
	10
	-
	8
	12

	3
	8
	15
	-
	-
	-
	11
	10
	10
	9
	9

	4
	16
	15
	-
	-
	12
	11
	11
	10
	9
	8

	5
	16
	15
	-
	13
	12
	11
	10
	9
	8
	17

	6
	11
	11
	-
	-
	-
	11
	11
	-
	-
	9


Table 1: Minimal roundtrip time (in subframes) for a given initial transmission (subframe)
for different TDD UL/DL configurations
Furthermore, an unsuccessfully decoded TB can be retransmitted only within the same HARQ process and due to the same information bits to be transmitted, the TBS remains unchanged. Different than in real life, the Measurement Channels have firm defined modulation and Transport Block Size for each subframe, which should be kept even when a retransmission occurs. In other words retransmissions can be scheduled only in subframes, which have the same defined TBS as that of the initial transmission (modulation remains in our case anyway the same). The positive news here is that DL uses an asynchronous (and adaptive) retransmission scheme, i.e. the retransmissions can occur at each time after the minimal roundtrip time. This is dynamically signalized in the DL scheduling information, so we can choose the proper subframe ourselves. 
Table 2 shows a summary of all available performance DL-RMC-s and the respectively allocated TBS for each subframe. Only very few RMC-s have same TBS in all active subframes (highlighted in green). Most of the RMC-s do have variation of TBS over time (highlighted in orange), so that the scheduling of retransmissions becomes not trivial.
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Table 2: Performance DL-RMC-s and TBS-s allocated in DL subframes
When defining scheduling patterns, both mentioned factors should be considered and fulfilled simultaneously for all active HARQ processes. 
We consider first the case of FDD. This case is simpler since in the FDD RMC-s only subframe 0 has generally a different TBS, while the other active subframes (1-4, 6-9) have the same TBS. There are 8 available HARQ processes (0-7) which can run in parallel. We must use all of them otherwise some resources would not be used. By accepting and implementing the scheduling principles above, we conclude in the scheduling pattern shown in Table 3.  
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Table 3: Scheduling pattern for performance DL-RMC-s – FDD (all 8 HARQ processes active)

In the case of TDD the scheduling process becomes more versatile. There are now 7 available HARQ processes (0-6), but few available DL resources with different TBS-s. If we use all 7 HARQ processes, we conclude in the scheduling pattern in Table 4. As we see, the roundtrip time for some HARQ processes extends considerably up to 30 subframes (HARQ processes 0, 3 and 6 for the case with empty SF 1 and 6) and the scheduler period is 6 frames. 
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Table 4: Scheduling pattern for performance DL-RMC-s – TDD (all 7 HARQ processes active)
Different than in FDD, due to fewer available resources, we can reduce the number of used HARQ processes, for example up to the minimal value, by which the available resources are still filled with data. We attain then a different scheduling pattern shown in Table 5. Here the max roundtrip time (up to 20 subframes for HARQ process 0 and 3 for the case with emty SF 1 and 6) and scheduler period (2 frames) are considerably shorter, than the case with all HARQ processes activated.
[image: image4.png]‘Scheduled HARQ processes

TOD minimal numberof HARQ processes active, necessary to fll the resources with data)
RIC- with alocation in SF 1 and &
s Sme[ o 1 2 3 4 s 6 7 s
1 ot 2 ) 3
2 5 1 2 3 1
3 0 1 2 3 4
i 5 i 3 5 i
RIC-5 WAROW allocation in SF 1and ¢
s Sme[ o 1 2 3 4 s 6 7 s
1 0 1 2
F] 3 1 3
E] [ 1 3
Py 3 1 3






Table 5: Scheduling pattern for performance DL-RMC-s – TDD (minimal number of HARQ processes active)
So we have shown that for performance DL-RMC-s it is possible to use different retransmission scheduling patterns with different number of active HARQ processes. From a statistical point of view, the data throughput should not depend on the later number. But as mentioned before, in the fading channel the correlation of the channel time-coherence after applying Doppler-shift with the different roundtrip times, can affect the outcome of HARQ combining. The roundtrip times are in range of 8-30 subframes or ms. The Doppler maximum frequencies are 5, 70 and 300 Hz, which means respectively a channel coherence much shorter than 200, 14 and 3.3 ms. Hence a retransmission-success depends strongly on the time “position” within the Doppler interval, at which the retransmission occurs. By more active HARQ processes, the roundtrip time becomes longer and the achieved time diversity larger. The probability, that retransmissions of the same TB (HARQ process) “fall in the same fading zone” of the Doppler fading profile and have the same error, is smaller. Hence we could have more successfully decoded TB-s, fewer retransmissions needed for an ACK, and at the same time fewer NACK-s caused by achieving unsuccessfully the max number of retransmissions (4), than in the case with fewer active HARQ processes. 
To summarize, this rational gives evidence to believe, that the number of used HARQ processes affects the throughput and thus the test outcome. Depending on the SS implementation, different pass/fail-situations for the same UE can occur.

3. Conclusion
Based on this discussion, we invite the companies in RAN5 to give their feedback and agree on a common scheduling principle for SS regarding the used HARQ processes, to avoid the above unexpected situation. We propose the following alternatives:
1) all available HARQ processes active  or

2) minimal number of HARQ processes active, necessary to fill the available resources with data

We prefer the first one since it seems the real way an UE would be scheduled in a network, to have the most gain of channel diversity when throughout is the main factor of interest. A shorter data latency, attained when using the second alternative, is for our throughput measurement purposes not relevant. 
The agreed alternative can then be formally added in the tests description.
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[1] 
3GPP TS 36.213: “(E-UTRA) Physical layer procedures”
Legend





RMC-s highlighted in 





green:    	same TBS over the whole frame


orange:	different TBS-s present in a frame


grey:       	no data allocated 





M:	MBFSN data





Legend: 


highlighted in same colour = same TBS


highlighted in grey = no allocation





Legend: 


highlighted in same colour = same TBS


highlighted in grey = no allocation


striped = UL subframe








Legend: 


highlighted in same colour = same TBS


highlighted in grey = no allocation


striped = UL subframe











PAGE  
3

