
3GPP TSG-RAN WG4 (Radio) Meeting #93
R4-1913796
Reno, Nevada, USA, 18 – 22 November 2019

Agenda Item:
8.11.2
Source: 
Nokia, Nokia Shanghai Bell
Title: 
TP to TR 37.824: Update of synchronization between NB-IoT and NR
Document for:
Approval
1.
Introduction

A TP [1] to add the study on synchronization between NB-IoT and NR for NB-IoT operation within NR channel bandwidth into TR 37.824 [2] was approved at TSG RAN4 #92. It has been identified that there is one more impact on TS 38.133 [3] regarding the value of [image: image1.wmf]offset
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. This contribution provides a TP to update TR 37.824 to add the identified impact on TS 38.133, some editorial changes are also made.
2.
Discussion
The value of[image: image2.wmf]offset
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depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). The value of [image: image3.wmf]offset
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 currently defined in TS 38.133 is shown in Table 1 (copied from Table 7.1.2-2 in TS 38.133).

Table 1: The Value of [image: image4.wmf]offset
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	Frequency range and band of cell used for uplink transmission
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(Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:
The UE identifies [image: image6.wmf]offset
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 based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: image7.wmf]offset
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 is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: image8.wmf]offset
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 can also be provided for a FDD serving cell.

Note 2:
Void


It can be seen from the table that two of the values are defined for FR1 band with LTE-NR coexistence. While it has been agreed in the way forward in [4] that NB-IoT operating in NR guard band is handled as implementation issue and RF requirements are not specified in Rel-15 (nor in Rel-16 unless new Rel-16 features make this essential), the corresponding value for FR1 FDD or TDD band with LTE-NR coexistence case should be used to achieve synchronization between NB-IoT and NR with NB-IoT and NR coexistence case. Therefore, this condition should be specified in Table 7.1.2-2 in TS 38.133.

3.
Text proposal
<Start of change>
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<Next change>

5.5
Synchronization between NB-IoT and NR

In order to analyze the NB-IoT coexisting with NR, longest CP and shortest CP for NR are considered as two extreme cases in which whether timing misalignment between NB-IoT and NR would exceed CP or not could be identified. 

If 15kHz SCS is used in the NR carrier where NR has the longest CP, then the TAGs misalignment analysis between NB-IoT and NR will be the same as that between NB-IoT and E-UTRA. Therefore, there should be no interference issue due to TAGs misalignment between NB-IoT and NR if 15kHz SCS is used in the NR system, otherwise such issue would have occurred already between NB-IoT and E-UTRA before the migration to NR. Meanwhile some detailed analysis is done in Case 1 below where it could be found that timing misalignment between NB-IoT and NR is still within the CP, this also indicates there should be no interference issues due to TAGs misalignment.
On the other hand, if 30kHz or 60kHz SCS is used in the NR carrier, the NB-IoT UE maximum transmit timing error of 101.33Ts (=80Ts+13.33Ts+8Ts) alone as explained in Case 2 below will be larger than the CP length of the NR symbol. Therefore, when the NR UE maximum transmit timing error (which is varied according to the SCS used in the NR carrier) is also considered, there would potentially be interference issue due to the inter-symbol-interference between the NB-IoT and NR symbols as illustrated in Case 2. However, it has been agreed that this type of mixed numerology cases between NB-IoT and NR should be up to the BS implementation and no requirement is defined in the RAN4 specifications. Feasible BS implementation options include separate digital filtering and internal gap between the NB-IoT and NR carriers.
However, to achieve synchronization between NB-IoT and NR with NB-IoT and NR coexistence case, the corresponding value of [image: image9.wmf]offset
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 for FR1 FDD or TDD band with LTE-NR coexistence case should be used, and thus this condition should be specified in Table 7.1.2-2 in TS 38.133 [7].
Case 1: the timing misalignment scenario with NR SCS 15KHz
For NR UE transmit timing, if uplink subcarrier spacing is configured with 15KHz and SSB SCS is configured with 15KHz which is specified with the worst transmit timing error for uplink SCS 15KHz, the maximum transmit timing error should be 12*64*Tc+256*Tc+8*64*Tc equal to (12+4+8)*64*Tc equal to 24*Ts which is the same as the maximum LTE UE transmitting error. Based on the above considerations, maximum arrival timing difference between NR carrier and NB-IoT carrier should be 4.0798s as shown in Figure 5.5-1 which is less than the NR CP length 4.96us if SCS 15KHz is configured for NR. 
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Figure 5.5-1. the maximum arrival timing difference between NR and NB-IoT in Uplink
Case 2: the timing misalignment scenario with NR SCS 60KHz
For NR UE transmit timing, if uplink subcarrier spacing is configured with 60KHz and SSB SCS configured with 30KHz which is specified with the worst transmit timing error for uplink SCS 60KHz, the maximum transmit timing error should be 10*64*Tc+128*Tc+8*64*Tc/4 equal to 14 Ts (0.4557us). Based on the above consideration, the maximum arrival timing difference between NR carrier an NB-IoT carrier should be 3.7542us as shown in Figure 5.5-2 which is larger than the NR CP length 1.17us if SCS 60KHz is configured for NR. 
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Figure 5.5-2. the maximum arrival timing difference between NR and NB-IoT in Uplink
<End of change>
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