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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN2 #109bise, a LS[1] was sent to RAN1 to inquire if guard symbol MAC CE should be applied per specific cell or for the entire cell group. This paper discusses cell specific the guard symbol indication and the related guard symbol MAC CE design.
2. [bookmark: OLE_LINK99][bookmark: OLE_LINK189][bookmark: OLE_LINK188][bookmark: OLE_LINK98]Discussion
In MAC protocol, guard symbol MAC CE was defined. The guard symbol MAC CE used by a child IAB-MT to report to the parent IAB-DU the desired number of guard symbols for TX-RX switch of the child IAB node is referred to as desired guard symbol MAC CE and the same MAC CE used by the parent IAB-DU to configure the provided number of guard symbols for TX-RX switch of a child IAB node. The provided guard symbol MAC CE may be transmitted to a child IAB node in response to the reception of a desired guard symbol MAC CE from the child IAB node. 
2.1 Why cell specific guard symbol indication
Generally speaking, the required guard period for TX/RX switch of a cell depends on two aspects: the TX/RX RF chain performance and the propagation delay between the cell and its peer node.
· From RF design perspective, for different aggregated cells of an IAB node, the carrier frequency is different (e.g. located in different frequency band or different frequency range), which means that the radio parameters such as subcarrier spacing and the maximum transmission power could be different as well. In practice, the carriers of different frequency band/range may use different TX/RF chains with different TX/RX switch performance; 
· From network dimensioning perspective, when an IAB node has both a high frequency cell (e.g. FR2) and a low frequency cell (FR1), the expected coverage of two cells can be quite different, i.e., the high frequency cell is expected to provide to local coverage around the IAB node while the low frequency cell is expected to provide wide coverage around the IAB node (see Figure 1 below). Coverage radius is proportional to propagation delay in statistics.
[image: ]
[bookmark: _Ref40450767]Figure 1 Coverage difference between low and high frequency cells
Observation 1: Different aggregated cells of an IAB node may use different TX/RX RF chains with different TX-RX switch performance.
Observation 2: Different aggregated cells of an IAB node may provide different coverages, i.e. different cells may have different maximum propagation delays.
Observation 3: Required TX-RX switch interval, which shall take both TX/RX RF performance and propagation delay into account, can be different for different cells.
Based the above observations, we propose:
Proposal 1: The number of desired/provided guard symbols should be indicated per specific cell. 

2.2 Guard symbol MAC CE design
The figure below illustrates the existing guard symbol MAC CE in [2]. The same format is used for both reporting  desired number of guard symbols from the child IAB node to the parent IAB-DU and configuring the provided number of guard symbols from the parent IAB-DU to the child IAB node. An example flow chart for configuring the number of guard symbols is illustrated in Figure 2 below. In this figure, the child IAB may send a desired guard symbol MAC CE to the parent IAB-DU and the parent IAB-DU may send a provided guard symbol MAC CE as a response.


Figure 6.1.3.22-1: Guard Symbol MAC CE
Observation 4: Cell information is not included in the existing guard symbol MAC CE.
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[bookmark: _Ref40774502]Figure 2 example of guard symbol configuration procedure
There could be two options to indicate the cell specific number of guard symbols:
· Option 1: implicit indication of cell specific number of guard symbols 
For Option 1, a guard symbol MAC CE is used to indicate the desired/provided number of guard symbols for the cell on which the desired/provided guard symbol MAC CE is transmitted/received. For this option, the existing MAC CE can be reused.
· Option 2: explicit indication of cell specific number of guard symbols 
For Option 2, a cell indicator is included in the guard symbol MAC CE so that the receiver node can directly determine for which cell the guard symbol MAC CE is transmitted. For this option, cell information shall be added into the existing guard symbol MAC CE.
For Option 1, it requires the child IAB-MT to transmit the desired guard symbol MAC CE in the corresponding cell and meanwhile the child IAB-DU to transmit the provided guard symbol MAC CE in the same cell. However, in practical deployment, the number of UL carriers could be different from that of the DL carriers for an IAB node. For instance in Figure 3, the BH link between IAB node 1 and IAB-donor has two aggregated DL carriers but a single UL carrier. In this case, two cells are configured and these two cells share the same UL carrier. When the IAB-donor DU receives a desired guard symbol MAC CE from IAB node 1 over CC1, according to Option 1, it cannot figure out for which cell (CC1 or CC2) the guard symbol MAC CE is transmitted. Similarly, when there are more UL carriers than DL carriers, the child IAB-MT may not be able to figure out for which UL carrier the provided guard symbol MAC CE is transmitted.
[image: ]
[bookmark: _Ref40454819]Figure 3 An IAB network with more component carriers in DL
Observation 5 Implicit cell specific indication of number of guard symbols (i.e. Option.1) is not achievable when the number of carriers is different between UL and DL.
Based on the above discussions and observations, we can conclude:
Proposal 2: Cell information is explicitly included in the guard symbol MAC CE.
Serving cell index is a good parameter used to indicate for which cell the desired/provided guard symbol MAC CE is transmitted. Other cell indicators such as PCI seems too long to be included in the existing guard symbol MAC CE. In Section 6.3.2 of [3], serving cell index is defined as the following:
ServCellIndex ::=                   INTEGER (0..maxNrofServingCells-1)
Where maxNrofServingCells is 32:
maxNrofServingCells   INTEGER ::= 32      -- Max number of serving cells (SpCells + SCells)
There are 7 reserved bits in the existing guard symbol MAC CE, while ServCellIndex only needs 5 bits. Hence we propose:
Proposal 3: Serving cell index is included in the guard symbol MAC CE.
According to the above proposals, we have made a text proposal based on [3] as illustrated in Section 5.
Proposal 4: RAN2 adopt the text proposal as provided in Section 5.
3. Conclusion
In this contribution, we have discussed the guard symbol MAC CE design based on the existing agreements.
We have the following observations:
Observation 1: Different aggregated cells of an IAB node may use different TX/RX RF chains with different TX-RX switch performance.
Observation 2: Different aggregated cells of an IAB node may provide different coverage, i.e. different cells may have different maximum propagation delays.
Observation 3: Required TX-RX switch interval, which shall take both TX/RX RF performance and propagation delay into accounted, can be different for different cells.
Observation 4: Cell information is not included in the existing guard symbol MAC CE.
Observation 5 Implicit cell specific indication of number of guard symbols (i.e. Option.1) is not achievable when the number of carriers is different between UL and DL.

Based on the discussions and the observations above, we have the following conclusions:
Proposal 1: The number of desired/provided guard symbols should be indicated per specific cell. 
Proposal 2: Cell information is explicitly included in the guard symbol MAC CE.
Proposal 3: Serving cell index is included in the guard symbol MAC CE.
Proposal 4: RAN2 adopt the text proposal as provided in Section 5.
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5. [bookmark: _Ref40789685]Text proposal
The following change has been proposed based on 3GPP TS 38.321 v16.0:
START of CHANGE
[bookmark: _Toc37296243]5.20	Guard symbols for IAB
For IAB operation, the MAC entity on the IAB-DU or IAB-donor DU should reserve a sufficient number of symbols at the beginning and the end of each slot to allow the child IAB-node to switch operation from its IAB-DU to its IAB-MT function and operation from its IAB-MT function to its IAB-DU. The MAC entity on the IAB-DU or IAB-donor DU informs the child node about the number of guard symbols it provides via the Provided Guard Symbol MAC CE. The IAB-MT on the child node can inform the IAB-DU or IAB-donor DU about the number of guard symbols desired via the Desired Guard Symbol MAC CE.
Upon reception of a Provided Guard Symbol MAC CE the MAC entity shall:
-	indicate to lower layers the number of provided guard symbols and the SCS configuration.
The MAC entity may:
1>	for a serving cell, if a Desired Guard Symbol query has not been triggered:
2>	trigger a Desired Guard Symbol query.
If the MAC entity has UL resources allocated for new transmission the MAC entity shall:
1>	for each Desired Guard Symbol query that the Desired Guard Symbol procedure determines has been triggered and not cancelled:
2>	if the allocated UL resources can accommodate a Desired Guard Symbol MAC CE plus its subheader as a result of LCP as defined in clause 5.4.3.1:
3>	instruct the Multiplexing and Assembly procedure to generate the Desired Guard Symbol MAC CE;
3>	cancel this Desired Guard Symbol query.
A separate value for the number of guard symbols is specified for each of the following eight switching scenarios (see Table 5.20-1).
Table 5.20-1: Switching scenarios and relevant guard symbols
	Switching scenario
	Field for number of guard symbols in MAC CE

	IAB-MT operation to IAB-DU operation
	DL Rx to DL Tx
	NmbGS1

	
	DL Rx to UL Rx
	NmbGS2

	
	UL Tx to DL Tx
	NmbGS3

	
	UL Tx to UL Rx
	NmbGS4

	IAB-DU operation to IAB-MT operation
	DL Rx to DL Tx
	NmbGS5

	
	DL Rx to UL Rx
	NmbGS6

	
	UL Tx to DL Tx
	NmbGS7

	
	UL Tx to UL Rx
	NmbGS8




… ...
[bookmark: _Toc37296299]6.1.3.22	Guard Symbols MAC CE
The Guard Symbols MAC CE is identified by the MAC subheader LCIDs as specified in Table 6.2.1-1 for DL-SCH and in Table 6.2.1-2 for UL-SCH.
It has fixed size and consists of four octets defined as follows (Figure 6.1.3.22-1):
-	R: Reserved bit, set to 0;
-	Serving cell index (ServCellIndex): This field indicates that the guard symbol MAC CE is for the serving cell with an index ServCellIndex, as specified in TS 38.331 [5]. The length of this field is 5 bits.
-	Sub-carrier spacing (SCS): This field indicates the subcarrier spacing used as reference for the guard spacing. The length of this field is 2bits. The values for the SCS field are shown in Table 6.1.3.22-2.
-	Number of Guard Symbols (NmbGSi): This field indicates the number of guard symbols for the switching scenario shown in Table 5.20-1. The number of guard symbols can take values within the range of 0..4. Higher values 5-7 are reserved.


[image: ]
Figure 6.1.3.22-1: Guard Symbol MAC CE
Table 6.1.3.22-2: Subcarrier spacing for Guard Symbols MAC CE
	Subcarrier spacing
	SCS value

	15kHz
	00

	30kHz
	01

	60kHz
	10

	120kHz
	11



Editors Note: The cell information is not signalled explicitly i.e. it is not included in the Guard Symbol MAC CE. It is FFS whether the information received in the Guard Symbol MAC CE applies only to the cell on which it is received, or to the entire cell group (if configured).
End of CHANGE
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