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1 Introduction
There have been several discussions in NR for agreeing and defining necessary TDD parameters taking into account the balance between BS synchronization, TX transient times, UE TxRx (and UE RxTx) switching times, TAoffset, guard period overhead and cell sizes.

At previous meeting CR R4-1814898 [1] towards TS 38.133 for intra band CA was approved where following changes were agreed:
“Add the requirement of maximum allowed UE transition times from Rx to Tx and from Tx to Rx between all the serving cells for intra-band NR-NR CA according RAN4 agreement.” 
In this document we will be show that this CR is not compatible with other existing defined 3GPP TDD parameters and therefore it fails achieving its original purpose i.e. to allow UE TDD TRX switching times also between cells for certain UE implementations having strict timing dependencies for non-contiguous CA operation.  In this paper we propose an alternative solution that addresses the complete solution with restricted overall NR impact.

2 Background 
If we focus and investigate the TDD frame structure at the switching points, we can relate to existing specifications. The guard periods (DL2UL and UL2DL) within a cell needs to be designed to:
· Prevent interference between base stations (including distant base stations) and between UEs around the switching points.

· Same TDD patterns and cell phase synchronization between TDD cells at same frequency
· Secure a RF propagation round trip time (RTT) towards a max cell edge i.e. dependent max cell size and deployment environment
· Allow for UE TRX switching times

· Still minimize guard period overhead and thereby secure spectrum efficiency for NR TDD systems especially for frequent TRX switching.
The total assigned guard consists of the sum of the guard around the DL2UL switch (TDL_UL) and the guard around the UL2DL switch (TAoffset). The TAoffset is “fixed” achieved by offsetting the uplink frames earlier than the DL frames. In the DL2UL guard (TDL_UL) there is also a need to accommodate a round trip time (RTT) for RF propagation towards a UE at cell edge and hence this part needs to be flexible to target different cell sizes. See e.g. [2] for further details about TDD modelling and description of all possible interference scenarios.  
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Figure 1 TDD guard periods
In the following sections all relevant 3GPP TDD parameters will be listed.

2.1 TAoffset (specified as NTA offset)
As said the TAoffset (NTA offset) is fixed per frequency range in TS 38.133 Table 7.1.2-2 and defines the guard between UL and DL:
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 Translated from Tc to µs for ease of comparison gives the following table: 
	Case
	NTA offset (µs)

	FR1
	13

	FR2
	7

	FR1 in coexistence with LTE
	20


Note: The NTA offset is the fixed part while the dynamic part (NTA) of the Timing advance is used to time align all UE uplink transmission independent RF propagation distance. 
2.2 Transmitter transient period 

The base station transmitter transient period is defined in TS 38.104 section 9.5.3 as:
	Case
	BS TX trans (µs)

	FR1 (ON(OFF)
	10µs

	FR2 (ON(OFF)
	3µs


The transient period is the time period during which the transmitter is changing from the transmitter OFF period to the transmitter ON period or vice versa. 
Similarly, the UE transient period is defined for FR1 and FR2 as shown below:

	Case
	UE TX trans (µs)
	Relevant spec

	FR1 (ON(OFF)
	10µs
	TS 38.101-1; Figure 6.3.3.2-1

	FR2 (ON(OFF)
	5µs
	TS 38.101-2; Figure 6.3.3.2-1


2.3 UE TX( RX transition time
The UE transition total times between RX-TX and TX-RX is specified in TS 38.211 Table 4.3.2-3 as:
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Translated from Tc to µs for ease of comparison gives the following table; 

	Case
	NTX-RX and NRX-TX (µs)

	FR1
	13

	FR2
	7


2.4 TDD cell phase sync accuracy 

This is specified in 3GPP TS 38.133 section 7.4 as below:
“Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.” 
“The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3µs”. 
2.5 Non-contiguous CA Timing Alignment Error (TAE) 
The TAE for non-contiguous CA for both FR1 and FR2 is specified as 3µs in 3GPP 38.104 section 6.5.3.2 (conducted) and section 9.6.3.2 (OTA). 
Conducted: “For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs.”
OTA: “For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 3 µs.”
2.6 Interference scenario and 3GPP parameter relations

In this section we focus on the switching point between the UL and DL as an example to show relations between the 3GPP specified parameters above (the same principle is applicable for the DL and UL switching point).
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As can be seen to prevent interference between base station A and B operating at the same frequency and UEs connected to the different base stations (A and B), the NTA offset valid within a cell needs to be wide enough to capture both the cell phase sync error (Tsync) of 3µs + the transmitter transient time (TXtrans) of 10 and 3µs (for FR1 and FR2 respectively).
NTA offset ≥ Tsync+ TXtrans; 

FR1:  3+10=13µs i.e. OK with FR1 NTA offset = 13µs

FR2:  3+3=6µs i.e. OK with FR2 NTA offset = 7µs

At the same time the NTA offset of course needs to accommodate enough time for the UE connected to respectively TDD cell to switch between TX(RX, i.e. NTA offset ≥ NTX-RX/NRX-TX as can be seen this is also fulfilled since:
FR1/FR2: NTA offset = NTX-RX/NRX-TX (13/7us)
2.7 Consequences of CR R4-1814898 

As seen in previous sections the NTA offset is defined in 3GPP as the UL2DL within a cell and all other specified TDD related parameters matches well with this. 

However as shown below, the approval of CR R4-1814898 in RAN4#89 towards 3GPP 38.133 (extract below) is not compatible with existing 3GPP specifications and hence makes it impossible for NR intra-band CA TDD implementations to be compatible with the specification.
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7.8.1 Requirements

A UE is not expected to transmit in the uplink to a cell earlier than after the end of the last received dowalink symbol
from the any cell in the same TDD band where is given by Table 43.2-3 in TS 38.211 [6].

A UE is not expected to receive in the downlink from a cell earlier than after the end of the last ransmitted uplink
symbol toward any cell in the same TDD band where is given by Table 43.2-3 in TS 38.211 [6].




Note: The above section from [1] targets intra-band CA which in 3GPP is restricted to co-located deployment.
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As can be seen with the new definition between cells the switching time is reduced to be between the latest cell uplink transmission and the earliest cells DL reception (worst case switching time when UE close into the BS since no TA-RF propagation delay). Thus the effective TAoffset is reduced as NTA offset – Tsync. Note that, this should be satisfied that, NTA offset = NTX-RX/NRX-TX. 

The reason for the above could be that certain UE implementations of non-contiguous CA may have specific implementation restrictions causing dependencies between the RF chains preventing independent operation. However, this also create discrepancies in NR TDD specifications. 
Since both cell phase sync (Tsync) and NTA offset are fixed 3GPP specified parameters as per above this always means that NTA offset – Tsync < NTX-RX/NRX-TX:

FR1: 13-3=10 < 13µs
FR2: 7-3= 4 < 7µs

Observation 1: Approval of CR R4-1814898 is not compatible with existing 3GPP specifications and hence makes it impossible for NR TDD implementations to be compatible with the specification.
The possible solutions to the problem are:
1) Reduce NTX-RX/NRX-TX to be compatible with since long defined existing NTA offset and cell phase sync parameters (i.e. FR1:  NTX-RX/NRX-TX = 10µs; FR2: NTX-RX/NRX-TX = 4µs.

2) Increase NTA offset.: FR1 13µs ( 16µs; FR2 7µs ( 10µs
3) In combination with removal of the new text introduced by R4-1814898. Isolate the issue to the co-located non-contiguous CA and reduce TAE for non-contiguous CA for both FR1 and FR2 to same values as for contiguous CA with both restricted to a co-located deployment (FR1 TAE 3µs ( 260ns; FR2 3µs ( 130ns). 
Alternative 1: This is likely not possible since Rel-15 specifications are completed, and product development phase already started. This would not be fair since this equally impacts UE design without implementation restrictions i.e. design that have been compatible with existing specifications for NTA offset and Tsync.
Alternative 2: This will:

a) Either penalize the supported cell size with a fixed guard period. 

· Especially for FR2 this will have large impact since this corresponds to a reduction of 900m of cell size (similar issue as shown in UL2DL switching point will occur at DL2UL switch)    
b) or require adding guard period symbols which will increase overhead to NR TDD operation
· A desire for reducing the overhead in NR for TDD have been heavily discussed, especially to allow high TRX switching periodicity the additional overhead will be significant.

So there will be significant drawbacks in two key NR parameters.
Alternative 3: As from findings above, an unrealistic ideal synchronization (=0ns) would be needed to fulfill the new text introduced by CR R4-1814898. However, removing the text introduced by R4-1814898 (since ideal sync is unrealistic) and reduce TAE for non-contiguous CA for both FR1 and FR2 to same values as for contiguous CA with both restricted to a co-located deployment (FR1 TAE 3µs ( 260ns; FR2 3µs ( 130ns).
For alternative 3 an in theory UE switching times between none-contiguous CA cells cannot be guaranteed since will lack 260ns in FR1 and 130ns but in practice this should not matter (e.g. for FR1 260ns only constitutes of 2% of the total UE TRX switching time). 
Alternative 3 seems to be the only possible and realistic way forward with least impact on NR.
Proposal: Remove the requirement introduced by R4-1814898 (since ideal sync is unrealistic) and reduce TAE for non-contiguous CA for both FR1 and FR2 to same values as for contiguous CA with both restricted to a co-located deployment (FR1 TAE 3µs ( 260ns; FR2 3µs ( 130ns).
· This also needs an update MRTD for intra-band NC CA in TS 38.133

3 Proposal

Based on the above discussions, we observe the following:

Observation 1: Approval of CR R4-1814898 is not compatible with existing 3GPP specifications and hence makes it impossible for NR TDD implementations to be compatible with the specification.
To rectify the inconsistencies in the spec, we propose the following: 
Proposal: Remove the requirement introduced by R4-1814898 (since ideal sync is unrealistic) and reduce TAE for non-contiguous CA for both FR1 and FR2 to same values as for contiguous CA with both restricted to a co-located deployment (FR1 TAE 3µs ( 260ns; FR2 3µs ( 130ns). 
· This also needs an update MRTD for intra-band NC CA in TS 38.133

We provide a CR in [7] to reflect the above proposal for TS 38.133.
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