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1. Introduction 
In the RAN1#105-e meeting, the following agreements were reached on PUCCH switching.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
 
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
 
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


We’d like to further extend the discussion on this issue.
2. CMCC’s potential application scenarios
1 
2 
3 
The working spectrum and UL/DL ratio for CMCC was introduced in the last meeting, it is restated here for convenience. There are currently 2 TDD bands applied in CMCC’s NR network.
	Frequency band
	usage
	DL/UL config

	n41
	Macro coverage
	DDDDDDDSUU

	n79
	Hot spot
	DDDSUDDSUU


Note that the DL/UL config for n41 is rather stable because it is supposed to cover everywhere. But n79 can be set to different DL/UL ratios to fit local requirement, for example with much more UL slots. However, in this contribution we present only one of the possible configurations just to illustrate.
As shown in below illustration, N79 carrier is more balanced in DL/UL opportunities than that of n41, so a typical PUCCH switch case can be that many HARQ-ACK feedback for DL slot in n41 is switched to n79 carrier. 


If a more UL-centric configuration is applied to n79 (DSUUU in our case), the latency gain can be greater because more PUCCH resources are available on n79 carrier.
3. The general working mechanism
PUCCH carrier indicated by a DCI is most flexible with a possible overhead cost. There might be 2 options on the table:
· Option 1: designing a new field indicating the destination PUCCH carrier. Since the field serves similar function as Carrier indicator, it may similarly cost 1~3 bits.
· Option 2: reuse and redefine an existing field. For example, reuse the Carrier indicator field. When configured, this field can be interpreted not only as the carrier from which DCI is sent, but also the PUCCH carrier where HARQ-ACK is sent. This brings restriction on the scheduling for sure but eliminates the overhead cost. the Carrier indicator field is taken just for an example, any non-conflicting field can be reused.
On the contrary, RRC configuration comes with no overhead issue but less flexible than DCI. We prefer this way more, from our application scenario point of view:
· High priority guaranteed: The uRLLC functionalities are turned on specifically for toB users with business contract signed, so their applications (radio bearers) are of the most important and high priority.
· Less unexpected interference: Most of the contracts are factory automation where micro gNBs are served dedicatedly and interference with macro gNBs is eliminated with engineering optimisation.
· Easy operation: RRC configuration makes the PUCCH switching a configuration issue, the responsible optimization team will need to make sure the configuration is correct. However, the DCI solution makes this feature more like an algorithm, it is less straightforward when things go wrong. For example more tracing log might be needed to figure out what is going on inside the algorithm. 
On the implementation of RRC configuration, a mapping table indicating applicable PUCCH cells for each slot will work. For example a table like:
[image: 形状, 矩形

中度可信度描述已自动生成]
The figure in each slot represents the PUCCH carrier id, i.e. ServCellIndex.  The RRC IE could be formed as something like the following, just as an illustration:
PUCCH-carrier-index ::=        SEQUENCE {
Slot0                        ServCellIndex,
Slot1                        ServCellIndex,
Slot2                        ServCellIndex,
……                        ……
Slot19                       ServCellIndex
}
The total length of this table (20 in above table) is synchronized with the number of slots in a frame of Pcell/PScell,  , which is defined in TS38.211 4.3.2 Slots:
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix. Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
	
	
	
	

	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16


Proposal 1: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells.
Proposal 2: The length of PUCCH switching configuration table equals to  of the Pcell/PScell.
4. Working with slot offset
In CMCC’s deployment case, there is an offset between N41 and N79 and this should not be a problem because we can still apply the configuration table above and amend with following rules:
1. The table is configured via Pcell/PScell. The slot0 refers to slot0 of Pcell/PScell;
2. The corresponding slot number of other Scells, when configured with offset, is calculated according to slot offset configuration given by (TS38.211, 4.5 Carrier aggregation)
Proposal 3: The reference slot (like slot0 in the table) is based on Pcell/PScell. 
Proposal 4: The corresponding slot number of other Scells is calculated according to slot offset configuration given by  (TS38.211, 4.5 Carrier aggregation)
5. Conclusions
Proposal 1: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells.
Proposal 2: The length of PUCCH switching configuration table equals to  of the Pcell/PScell.
Proposal 3: The reference slot (like slot0 in the table) is based on Pcell/PScell. 
Proposal 4: The corresponding slot number of other Scells is calculated according to slot offset configuration given by  (TS38.211, 4.5 Carrier aggregation)
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