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1 Introduction

In last RAN1#86 meeting, there was a discussion on symbol alignment across different subcarrier spacings with the same CP overhead and following working assumption was made [1]:

Working assumption:
· Alignment within a subframe

· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case

In addition to the above working assumption, it was discussed whether slot alignment across different subcarrier spacing with different CP overhead should be supported in NR and following agreement was achieved [1]:
Agreements:
RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads
For the case that different numerologies are multiplexed within a same NR carrier, it may be possible to achieve time alignment in slot-level and/or symbol level. In this document, we will discuss first whether symbol-level alignment across different subcarrier spacing with different CP overhead is needed or not. In parallel, we will propose possible alternatives if symbol-level alignment for different CP overhead case should be supported in NR. 

Our companion document [2] will discuss the issue on time alignment among different numerologies with same CP overhead.
2 Discussion
2.1 Do we need symbol alignment for different CP overhead?
It was agreed in RAN1#85 meeting that multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported. Moreover, the following was also agreed in last RAN1#86 meeting 
Agreements:
· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
These agreements are implying that different numerologies multiplexed within a same NR carrier bandwidth should provide similar coverage. This would naturally introduce the case that different subcarrier spacing have different CP overhead.

There would be a potential gain of symbol alignment in terms of interference mitigation, resource utilization, and latency. As discussed in [3], if symbol boundary is aligned across different numerologies, some of symbols with baseline subcarrier spacing or LTE subcarrier spacing (e.g., 15 kHz) may not be interfered from the symbols with larger subcarrier spacing (e.g., 60 kHz). However, this means that remaining symbols may still suffer from the interference with each other. So, from the interference mitigation perspective, how much gain can be achieved by this symbol alignment should be investigated further.

Another potential benefit could be efficient resource utilization and shorter latency in some particular scenarios. For example, URLLC control/data with 30 kHz or 60 kHz subcarrier spacing could be transmitted within an eMBB’s scheduling unit with 15 kHz subcarrier spacing. In this case, if symbol alignment is supported, then scheduling delay which is a waiting time before the transmission could be minimized and this will allow that less eMBB symbols are punctured as compared to non symbol-level alignment case. However, if it is assumed that URLLC traffic is very sparse, then the actual benefit may not be significant.

Observation 1: For the case of symbol-level alignment across different subcarrier spacing with different CP overhead, a potential benefit is expected in terms of interference mitigation, resource utilization, and latency.
 In last RAN1#86 meeting, on the other hand, there was discussion on slot/mini-slot duration but whether NR frame structure needs to support both slot and mini-slot will be discussed in this meeting. There are two alternatives to define the slot duration as discussed in our companion document [4]; i) slot duration is defined as a minimum scheduling unit (e.g., 1 or 2 symbols), and ii) slot duration is defined as a maximum scheduling unit (e.g., 7 or 14 symbols). So, if slot is defined in NR as a minimum scheduling unit, then supporting time alignment less than slot-level seems not needed.

Observation 2: If slot is defined as a minimum scheduling unit (e.g., 1 or 2 symbols), then supporting time alignment less than slot-level seems not needed. 
2.2 Would it be possible to align symbol boundary for different CP overhead
In this section, we investigate whether it is possible to achieve symbol boundary alignment across different numerologies with different CP overhead while keeping slot boundary alignment. For the investigation, a maximum scheduling unit (7 symbols for 15 kHz subcarrier spacing) is assumed and following cases with different constraints are taken into account:

· Case 1: Each of subcarrier spacing (15 kHz, 30 kHz, and 60 kHz) has same CP length as LTE normal CP length but each of them has different CP overhead ratio. Here, we try to find a specific CP pattern to meet both requirements (e.g., slot alignment and symbol alignment).
· Case 2: 15 kHz subcarrier spacing has normal CP but other subcarrier spacing have different CP lengths which are scaled from extended CP length of LTE 15 kHz subcarrier spacing. So, CP overhead ratio between 30 kHz and 60 kHz subcarrier spacing is same but it is different from CP overhead of 15 kHz subcarrier spacing.

In Case 1, some CP patterns supporting slot boundary alignment among 15 kHz, 30 kHz, and 60 kHz subcarrier spacing as shown in Table 1. For example, if a slot of 30 kHz subcarrier spacing consists of 13 symbols and a slot of 60 kHz subcarrier spacing consists of 23 symbols, then slot boundary can be aligned with each other, as long as 13 symbols of 30 kHz subcarrier spacing have 11 symbols with longer CP length (5.2μs) and 2 symbols with normal CP length (4.7μs), and as long as 23 symbols of 60 kHz subcarrier spacing have 17 symbols with longer CP length (5.2μs) and 6 symbols with normal CP length (4.7μs).
In Case 2, it was also found some CP patterns providing slot boundary alignment among 15 kHz, 30 kHz, and 60 kHz subcarrier spacing as shown in Table 2. For example, if a slot of 30 kHz subcarrier spacing consists of 12 symbols and a slot of 60 kHz subcarrier spacing consists of 24 symbols, then slot boundary can be aligned with each other, as long as 12 symbols of 30 kHz subcarrier spacing have  8.3μs of CP length, and 24 symbols of 60 kHz subcarrier spacing have 4.2μs of CP length.

Table 1: An example of CP patterns supporting slot boundary alignment for Case 1 
	Subcarrier spacing
	CP overhead ratio
	CP length (
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is symbol index)

	15kHz
	1/14
	5.2μs for 
[image: image2.wmf]l

= 0
	4.7μs for 
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= 1,2,3,4,5,6

	30kHz
	2/13
	5.2μs for 
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= 0,1,…,9,12
	4.7μs for 
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= 10,11

	60kHz
	7/23
	5.2μs for 
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= 0,1,…,15,22
	4.7μs for 
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= 16,17,…,21


Table 2: An example of CP patterns supporting slot boundary alignment for Case 2
	Subcarrier spacing
	CP overhead ratio
	CP length (
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is symbol index)

	15kHz
	1/14
	5.2μs for 
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= 0
	4.7μs for 
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= 1,2,3,4,5,6

	30kHz
	1/4
	8.3μs for 
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= 0,1,…,10,11

	60kHz
	1/4
	4.2μs for 
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= 0,1,…,22,23


Both Case 1 and Case 2 can provide slot boundary alignment among 15 kHz, 30 kHz, and 60 kHz, but they cannot provide symbol boundary alignment. So, we can conclude that it is not possible to support both slot boundary alignment and symbol boundary alignment across 15 kHz, 30 kHz, and 60 kHz with different CP overhead.

Observation 3: It may not be feasible to support both slot level alignment and symbol level alignment across 15 kHz, 30 kHz, and 60 kHz with different CP overhead. 

Observation 4: There are some CP patterns providing slot level alignment among 15 kHz, 30 kHz and 60 kHz subcarrier spacing.
We can relax the constraints shown in Case 1 and Case 2 as both slot-level and symbol-level alignments is applied to some of subcarrier spacing, not all of subcarrier spacing. In other words, among the candidate subcarrier spacing, the possibility of slot and symbol alignments between 15 kHz and 60 kHz are investigated and this is referred to as Case 3 hereafter.

Table 3: An example of CP patterns supporting both slot and symbol boundary alignments for Case 1
	Subcarrier spacing
	CP overhead ratio
	CP length (
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is symbol index)

	15kHz
	1/14
	5.2μs for 
[image: image14.wmf]l

= 0
	4.7μs for 
[image: image15.wmf]l

= 1,2,3,4,5,6

	60kHz
	3/7
	7.3μs for 
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= 0,1,2,4,5,7,8,10,11,13

14,16,17,19,20
	6.8μs 
for 
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= 3,6,9,12,15,18


Some CP patterns shown in Table 3 can provide both slot boundary alignment and symbol boundary alignment between 15 kHz and 60 kHz subcarrier spacing. This can be achieved if a slot of 60 kHz subcarrier spacing consists of 21 symbols and if among 21 symbols, 15 symbols have 7.3μs of CP length and 6 symbols have 6.8μs of CP length.
Observation 5: There are some CP patters providing not only slot level alignment but also symbol level alignment at least between 15 kHz and 60 kHz with different CP overhead. 
3 Conclusion
In this contribution, we have discussed time alignment among different numerologies with different CP overhead. The observations and proposal are the following:
Observation 1: For the case of symbol-level alignment across different subcarrier spacing with different CP overhead, a potential benefit is expected in terms of interference mitigation, resource utilization, and latency.
Observation 2: If slot is defined as a minimum scheduling unit (e.g., 1 or 2 symbols), then supporting time alignment less than slot-level seems not needed. 

Observation 3: It may not be feasible to support both slot level alignment and symbol level alignment across 15 kHz, 30 kHz, and 60 kHz with different CP overhead. 

Observation 4: There are some CP patterns providing slot level alignment among 15 kHz, 30 kHz and 60 kHz subcarrier spacing.
Observation 5: There are some CP patters providing not only slot level alignment but also symbol level alignment at least between 15 kHz and 60 kHz with different CP overhead.

Proposal: Investigate symbol/slot alignment for different CP overhead further taking into account NR frame structure, e.g., slot duration, mini-slot duration, subframe length and so on.
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