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1 Introduction
At the last RAN1 meeting, it was agreed that NR should allow potentially definition of multiple CP overhead; one particular use of this is to have the ability to deploy a 60kHz subcarrier spacing in a channel with delay spread normally handled by the normal CP length with 15kHz subcarrier spacing [1].
Agreements:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE

· 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
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE

As discussed in previous contributions, time alignment of OFDM symbols is advantageous in many aspects (see e.g. [2]).  In fact, the following agreement was made at the last RAN1 meeting:
Agreements:
RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads
Different CP lengths typically means different symbol durations and therefore time-alignment between symbols with different CP overhead becomes challenging. In this contribution, we study various options for supporting time alignment with different CP overhead.
2 Discussion
As previously assessed in discussions and in our previous contribution, there are significant implementation and system advantages to symbol time-alignment [2]; including simplifying interference management and scheduling and frequency hopping. In fact at RAN1 #85, it was agreed that for the numerology with 15 kHz and larger subcarrier spacing, 1 ms alignment is supported. While this agreement is motivated in part with the need for a tight interworking with LTE, the benefits of time-alignment extend beyond this.

In the case of OFDM alignment, it is important to make the distinction between the case where all the symbols have the same CP overhead and the case where it differs. We first discuss general concepts and then discuss these two cases separately.

2.1 General time-alignment concepts
In our view there should be time alignment at the boundary between scheduling units in order to support efficient resource utilization and flexible scheduling. For simplicity of discussion in this contribution, we will assume that a “slot” is a scheduling interval. In practice the alignment between slots of different lengths can only take place at the boundary of the longer slot, as illustrated in Figure 1.
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Figure 1: Alignment at boundary of longer slot.
  And thus we make the following proposal:   

Proposal 1:
Time alignment between slots of different durations is supported at the boundary of the longest slot at least for the case with symbols with the the same CP overhead.
2.2 Alignment for Same CP Overhead

For the case of the same CP overhead, there exist a straightforward relationship between the symbol duration.  At the last meeting the following agreement and working assumption were made ([1]):
Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
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

Based on the discussions so far, there seems to be no real advantages of not having symbol-level alignment in this context.  In practice of course, since the symbol duration is shorter for larger subcarrier spacing, the symbols of different subcarrier spacing can only be aligned at the boundary of the symbol associated to the smaller subcarrier spacing, as illustrated by the red lines in Figure 2 (see [2]).
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Figure 2: OFDM Symbol Alignment within CP-Family

We thus propose to confirm the working assumption from the last meeting.
Proposal 2: 
Confirm the working assumption “Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier”
With symbol-level alignment, we also observe that in this case regardless of how the scheduling units are defined (e.g. in terms of number of OFDM symbols or time), it will be possible to have alignment between scheduling units (slots or mini-slots).
Observation 1:
Scheduling units (slots or mini-slots) can be time-aligned between different subcarrier spacings within the same CP overhead.
2.3 Alignment Across Different CP Overhead

The benefits of time alignment between slots also apply in the case of different CP overhead, however the alignment is much more challenging because there may not be a straightforward time relationship between the two CP overhead symbol duration.
When considering details of the numerology, we observe that a consequence of having alignment at the slot boundary imposes design constraints on the numerology of the larger subcarrier spacing.  We first consider the case where a base numerology (LTE with normal CP: i.e. 14 symbols per subframe with 15kHz subcarrier spacing and normal CP), is used simultaneously with a numerology based on a 30kHz subcarrier spacing but with a CP sufficiently long to operate in a macro cell (i.e. CP in the order of LTE normal CP of 4.7µs). We also make the assumption from the purpose of discussion that the slot definition for 15 kHz SCS with normal CP is 14 symbols.
Table 1: Example CP configurations for 30kHz SCS
	
	Baseline
	Case a)

normal CP
	Case b)

semi-extended CP
	Case c)

extended CP

	∆f
	15kHz
	30kHz
	30kHz
	30kHz

	# of symbols in 1ms
	14
	28
	26
	24

	CP Duration
	5.2µs (symbol 0), 
4.7µs (symbols 1,..,6)
	2.38 µs
	5.1 µs
	8.3 µs

	CP Overhead
	6.7%
	6.7%
	13.3%
	20%


Table 1 shows possible CP configurations for a large SCS (30kHz) for various CP values.  Depending on the amount of CP needed for the underlying channel, a configuration with 14, 13 or 12 symbols may be used.  In this case, and also for the purpose of illustration, it may be desirable to use the semi-extended CP (secp) approach in case b) as the CP duration is close to the normal CP duration.
Figure 3 shows how 3 different SCS with different CP overhead can be used together and how they can be aligned in time. The 60 kHz SCS with extended CP (which leads to CP of 4.15µs with a CP overhead of approximately 20%) is used here. We make observation that the different CP overhead lead to various slot duration (14, 13, and 12 symbols).  However, time alignment can be achieved using a unique slot duration for each SCS, which could be considered a desirable feature. Indeed, for a CP overhead defined as S symbols within 1 ms, alignment can be achieved using a (unique) slot duration of S/2k if S is a multiple of 2k and for a SCS of (2k x 15 kHz). This is possible with CP overhead corresponding to 24 or 26 symbols per 1 ms (but not with 25 symbols per 1 ms).

[image: image3.emf]14 symbols

Slot

15kHz,ncp

=14 symbols

Baseline

30kHz SCS,

SE-CP

13 symbols

12 Symbols 12 Symbols

60kHz SCS, 

E-CP

13 symbols

Slot

30kHz,secp

=13 symbols

Slot

30kHz,secp

=13 symbols

Slot

60kHz,ecp

=12 symbols Slot

60kHz,ecp

=12 symbols


Figure 3: Example with 30kHz SCS semi-extended CP and 60kHz SCS extended CP
An alternative solution is to define slots of shorter duration, such as 7 symbols for normal CP. This concept is illustrated in Figure 4, where it can be seen that slots of durations 6 and 7 symbols only need to be designed in order to support the same three different CP overhead. Here we note that the alignment can still be provided at the multi-slot-level (between 30 kHz and 60 kHz) with the possibility to also have time alignment at the slot boundary of a given SCS and a slot for a shorter SCS, although this may not be a general rule for all combinations. However, different lengths of slot may need to be used for the same SCS if efficiency from the perspective of CP overhead (i.e. using semi-extended CP) is desired. 


[image: image4.emf]6 symbols

7 symbols

Slot

15kHz,ncp

=7 symbols

Baseline

30kHz SCS,

SE-CP

7 symbols

60kHz SCS, 

E-CP

Slot

30kHz,secp7

Slot

60kHz,ecp

7 symbols

6 symbols 7 symbols 6 symbols

6 symbols 6 symbols 6 symbols

Slot

15kHz,ncp

=7 symbols

Slo

t

30kHz

,

secp6

Slot

30kHz,secp7

Slot

3

0kHz

,

secp6

Slot

60kHz,ecp

Slot

60kHz,ecp

Slot

60kHz,ecp


Figure 4: Alternative configuration with mini-slots

Similar considerations would apply for time alignment between slots using normal CP and slots using zero-CP. In this case the number of symbols of slots using zero-CP would be 15 in 0.5 ms for 30 kHz SCS, resulting in the need to define slots of different lengths in the latter case, if alignment with slots using normal CP at 15 kHz is to be achived.
From the above examples one can make some observations. First, there is no all-emcompassing rule that can provide time alignment at the slot level between numerologies of different CP overhead for any arbitrary combination of CP overheads (defined in terms of a number of symbols per 1 ms). Second, not all slot durations (expressed in terms of OFDM symbols for a given CP overhead) offer the same possibilities in terms of alignment with shorter slots of higher SCS, at least if slots of unique length per SCS are desired. More specifically, slots of 7 symbols in normal CP do not allow alignment with slots of higher numerology using “semi-extended” CP of 26 symbols per 1 ms unless slots of different number of symbols are allowed to be defined within the same SCS and alignment requirements are relaxed such that it may occur every 2 slots.

We therefore recommend that RAN1 selects between the following options to satisfy the requirement that “NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later”:
Proposal 3: One of the following options is selected:
a) The number of symbols per slot for normal CP overhead can only be 14 or a multiple thereof; or

b) The following is allowed:
· More than one number of symbols per slot is allowed for same SCS and CP overhead;

· Slot alignment is not supported at the boundary of every slot (for certain SCS).

3 Conclusion

In this contribution, we have discussed symbol alignment across different numerologies for a CP-Family and have made the following observation and proposals:
Proposal 1:
Time alignment is supported at the boundary of a larger slot at least for the case with symbols with the the same CP overhead.
Proposal 2: 
Confirm the working assumption “Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier”
Observation 1:
Scheduling units (slots or mini-slots) can be time-aligned between different subcarrier spacings within the same CP overhead.
Proposal 3: One of the following options is selected:
a) The number of symbols per slot for normal CP overhead can only be 14 or a multiple thereof; or

b) The following is allowed:

· More than one number of symbols per slot is allowed for same SCS and CP overhead;

· Slot alignment is not supported at the boundary of every slot (for certain SCS).
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