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1. Introduction
In RAN2#108 meeting, various agreements were achieved on multiple CG configurations [1].
	· For CG/SPS periodicity determination, support the maximum values of N as specified already, depending on SCS, i.e. N= 640 for 15kHz, 1280 for 30kHz, 2560 for 60kHz and 5120 for 120kHz.

· In addition to specific CG-LCH mapping It should be possible to configure that all CGs are allowed, and none of the CGs are allowed 
· Multiple CG activation/deactivation confirmation MAC CE contains only a bitmap of CG configurations using CG ID unique per MAC entity and configured by RRC in addition to CG ID introduced by RAN1.
· Multiple CG activation/deactivation confirmation MAC CE uses new LCID value.
· In MAC specifications, correct formulas for CG occasion determination so that they consider N sequentially, as for SPS.

· HARQ process ID determination with multiple SPS configurations is based on the following formula: HARQ Process ID = [floor(CURRENT_slot/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, Where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame]
· In Rel-16, SPS periodicities in RRC are expressed in number of slots.

· We don’t introduce additional mechanism to align CG/SPS to TSC traffic pattern period



In this document, we focus on the open issues of multiple CG configurations identified by the editor’s notes from the current MAC running CR [2] as well as in the list of RRC open issues [3] and our proposals are provided.
2. Discussion
2.1. Multiple Entry Configured Grant Confirmation MAC CE Generation
MAC Editor’s Note [2]: When Multiple Entry Configured Grant Confirmation MAC CE is generated is FFS
Since two MAC CEs are now available for CG confirmation, it is unclear when the legacy CG confirmation MAC CE is generated and when Multiple Entry Configured Grant Confirmation MAC CE is generated. Before answering the FFS, we first address the issue whether Single Entry Configured Grant (CG) Confirmation MAC CE, i.e. confirmation MAC CE in Rel-15 can be used for multiple CG configurations.

If Single Entry CG Confirmation MAC CE is used for multiple CG configurations, the UE could report Single Entry CG Confirmation MAC CE while one (de-)activation command is received and reports Multiple Entry CG Confirmation MAC CE while more than one (de-)deactivation commands are received. However, it may happen that the network sends several (de-)activation commands but the UE only receives one. In this case the UE still sends Single Entry CG Confirmation MAC CE. But, the network is confused which CG configuration has been (de-)activated successfully because no CG configuration index is included in the feedback Confirmation MAC CE. Therefore, it is recommended that:
Proposal 1: Multiple Entry CG Confirmation MAC CE is used as soon as configuredGrantConfigList-r16 is configured in the active UL BWP, otherwise legacy Configured Grant Confirmation MAC CE is used.

Now, regarding when exactly the Multiple Entry CG Confirmation MAC CE is generated, we do not see any reason to diverge from the legacy behavior. Indeed, according to the current specification, the CG Confirmation MAC CE is generated when it is triggered and uplink resource for new transmission is available [3].
	The MAC entity shall:

1>
if the configured uplink grant confirmation has been triggered and not cancelled; and

1>
if the MAC entity has UL resources allocated for new transmission:

2>
instruct the Multiplexing and Assembly procedure to generate a Configured GrantConfirmation MAC CE as defined in clause 6.1.3.7;

2>
cancel the triggered configured uplink grant confirmation.


And for AUL confirmation MAC CE, which is used to confirmation (de-)activation command for multiple SPS configurations among different serving cells in LTE, the same principle is also used [4].
	If AUL confirmation has been triggered and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate an AUL confirmation MAC Control Element as defined in clause 6.1.3.16;

-
cancel the triggered AUL confirmation.


With the above approach, UE may generate and send every confirmation MAC CE for each (de-)activation notification if UL grants are available for each, which may be felt unfriendly to resource consumption, given this MAC CE format can group multiple confirmations together. However any optimization aiming at forcing this MAC CE to group confirmations (e.g. waiting for multiple CG confirmation triggers) would increase the complexity without real justification. Therefore we prefer to stick to the simplest approach with the below proposal.
Proposal 2: The Multiple Entry Configured Grant Confirmation MAC CE is generated when uplink resource is allocated for new transmission (as in legacy).
One TP is provided below:

------------------------------------------------------------------------------------------------------------------------------

The MAC entity shall:
1>  if the at least one configured uplink grant confirmation has been triggered and not cancelled; and
1>  if the MAC entity has UL resources allocated for new transmission:
2>  if configuredGrantConfigList is configured in the active uplink BWP:
3> instruct the Multiplexing and Assembly procedure to generate a Multiple Entry Configured Grant Confirmation MAC CE as defined in clause 6.1.3.X;
2>  else:
23> instruct the Multiplexing and Assembly procedure to generate a Configured Grant Confirmation MAC CE as defined in clause 6.1.3.7;
2>  cancel the triggered configured uplink grant confirmation(s).

------------------------------------------------------------------------------------------------------------------------------

2.2. Maximum number of configured grant configurations per MAC entity
MAC Editor’s note [2]: FFS the maximum length of the allowedList, i.e., the maximum number of configured grant configurations per MAC entity
RRC OI#4[3]: RAN2 to discuss and agree on one of the following alternatives 

a.
Maximum number of configured grant configurations per MAC entity is 16.

b.
Maximum number of configured grant configurations per MAC entity is 32.

c.
Maximum number of configured grant configurations per MAC entity is 64.
RAN2#108 agreed that “Multiple CG activation/deactivation confirmation MAC CE contains only a bitmap of CG configurations using CG ID unique per MAC entity and configured by RRC in addition to CG ID introduced by RAN1”, so both the design of the Multiple Entry Configured Grant Confirmation MAC CE format (via the ConfiguredGrantIndex) and the dimensioning of allowedCG-List depend on the maximum number of configured grant configurations supported per MAC entity.
According to the current specification, the MAC entity can be configured with at most 5 BWPs including 4 dedicated BWPs and 1 initial BWP [6]. And dedicated configurations are allowed for at most 4 BWPs.
Therefore, only accounting for a single cell, the maximum number for the unique CG index equals to [Maximum BWP number per cell] * 12, i.e. 4*12= 48. As can be seen, this value already hits towards the maximum value, 64, proposed in the open issues list generated by the RRC running CR rapporteur [3]. Therefore, considering a MAC entity also covers multiple cells, it is safer to select 64 as the maximum number of configured grant configurations supported per MAC entity.
Proposal 3: The maximum number of configured grant configurations supported per MAC entity is 64.
A first consequence is that the maximum length of allowedCG-List could also be 64. However it was also agreed that it should be possible to configure that all CGs are allowed for one LCH, which means one LCH can be configured at most 64 CG configurations. But this is equivalent to no CG restriction on CG configurations. This is already coded in RRC running CR by omitting the field [5]. So, in practice, 63 might be sufficient.

Proposal 4: It is sufficient that the maximum length of the IE AllowedList is 63 
2.3. Fixed or Flexible Size of Multiple Entry Configured Grant Confirmation MAC CE

MAC Editor’s Note [2]: It is an FFS whether this MAC CE has a fixed size or not. (Multiple Entry Configured Grant Confirmation)
MAC Editor’s Note [2]: In the current version of the running CR, fixed size MAC CE of four octets is assumed as an example. The format in detail should be discussed and updated later.

Under the assumption of proposal 3 we address the FFS on whether Multiple Entry Configured Grant Confirmation MAC has fixed or flexible size [2]. The two options are analyzed below.

· Flexible Size
In Proposal 9, it is proposed that only type 2 CG are confirmed by Confirmation MAC CE. Then, only the Type 2 CG needs to be explicitly indicated in the Confirmation MAC CE. So, with flexible size, the number of bytes of the MAC CE can be dynamically derived from the current number Ntype2CG of configured CG Type 2 configurations in configuredGrantConfigList-r16. And the size of the MAC CE is (ceiling [Ntype2CG  /8] * 8) bits. 
With such approach, the CGi in the bitmap is identified as:

· CGi: This field indicates whether PDCCH indicating activation or deactivation of configured uplink grant i has been received where i is the ascending order of the type 2 configured grant configurations in configuredGrantConfigList-r16. The CGi field is set to 1 to indicate that PDCCH indicating activation or deactivation of the corresponding type 2 configured uplink grant has been received. The CGi field is set to 0 to indicate that PDCCH indicating activation or deactivation of the corresponding type 2 configured uplink grant has not been received.
For example, if only CG type 2 index 3, 13 and CG type 1 index 5 are configured in RRC, CGs #3 and 13 would be mapped on bits 0, 1 in the Multiple Entry CG Confirmation MAC CE. And if CG type 2 index 3 is activated. The format can be:
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Figure 2: One example of Flexible Size for Multiple Entry Configured Grant Confirmation MAC CE
· Fixed Size
If the size of the MAC CE is fixed, then the total size of the confirmation MAC CE is fixed to be 64 bits. One example is shown in Figure 2.
 CGi: If there is one CG configuration for the MAC entity with ConfiguredGrantConfigIndexMAC i as specified in the 38.331 running CR [5], this field indicates whether the UE confirms the CG configuration is (de-)activated by the network, else the C i field shall be ignored.  The Ci field is set to 1 to indicate that the CG configuration with ConfiguredGrantConfigIndexMAC i shall be confirmed as (de-)activated. The Ci field is set to 0 to indicate that the CG configuration with ConfiguredGrantConfigIndexMAC i shall not be confirmed as (de-)activated.
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Figure 3: Fixed Size for Multiple Entry Configured Grant Confirmation MAC CE
Clearly, flexible Confirmation MAC CE is beneficial for resource saving. The gain of the flexible confirmation MAC CE depends on the total type 2 CG configuration number that the network configures. Considering the large size of fixed size confirmation MAC CE, flexible size for Multiple Entry Configured Grant Confirmation MAC CE is preferred.
Proposal 5: Flexible size is supported for Multiple Entry Configured Grant Confirmation MAC CE.
2.4. LCH Configured with allowedCG-List allowed on Dynamic Grant or not
MAC Editor’s Note [2]: In this implementation, it is assumed that the LCH configured with allowedCG-List is allowed to be mapped to dynamic grant. However, in RAN2#107, it is agreed that the mapping between an LCH and certain CG configurations is restrictive. FFS: For a LCH configured with allowedCG-List, whether this LCH is only mapped to configured grant and not allowed on dynamic grant.
RRC OI#3[3]: RAN2 to discuss and confirm:

a.
LCH configured with allowedCG-List is allowed to be mapped to dynamic grant. 

In our opinion, whether the LCH is allowed on dynamic grant or not does not depend on the configured allowedCG-List but other parameters, e.g. PUSCH duration, reliability configurations and etc. On the contrary, it can be beneficial that an LCH mapped onto a CG configuration is also allowed to use DGs. For example, when NW anticipates that a CG collides with a DG and the DG will take priority over the CG, it can provision the DG so that it can carry the SDUs of the de-prioritized LCH. 

Proposal 6: LCH configured with allowedCG-List is allowed on dynamic grant.
2.5. Type 1 CG configured both on UL and SUL
RRC OI#5[3]: RAN2 to discuss and agree on one of the following alternatives 

a.
As in Legacy, the configured grant type 1 can only be configured for either UL or SUL.

b.
When multiple configured grant configurations per BWP is supported, the configured grant type 1 can be configured for both UL and SUL

In Rel-15, CG type 1 can only be configured on either UL or SUL. This is because it is not allowed to configure multiple CG on one serving cell, and SUL is a fallback carrier. Whereas in Rel-16 IIoT, multiple CG configurations on one serving cell has been agreed to be supported. Then, it is natural that Type 1 CG can be configured on UL and SUL.
Another issue is whether the CG configuration on UL and SUL can be different. According to current specification, different SCSs can be configured on UL and SUL [6]. If SCS are different, the parameters related to resource assignment are likely to be configured accordingly and differently to adapt the SCS. Therefore, if CG type 1 is simultaneously supported on UL as well as SUL, different configurations can also be supported.
Proposal 7: CG type 1 can be configured both on UL and SUL.
Proposal 8: The configurations of CG type 1 on UL and SUL can be different.
2.6. Others
In this section, some open issues which are simpler are discussed.
Issue O1: The priority of Multiple Entry CG Confirmation MAC CE
MAC Editor’s Note [2]: It is assumed that Multiple Entry Configured Grant Confirmation MAC CE has the same priority with Confirmation Grant Confirmation MAC CE in this version. The confirmation of this assumption may be needed
According to proposal 1, both MAC CEs will not be used simultaneously so they will never be multiplexed into the same MAC PDU. Thus, giving them the same priority will not have any impact on UE behavior in practice. So they should have the same priority.
Proposal 9: The Multiple Entry CG Confirmation MAC CE has the same priority as that of Single Entry CG Confirmation MAC CE.

The TP in the current 38.321 running CR is then correct.
Issue O2: Whether the confirmation MAC CE is used for type 1 configured grant
MAC Editor’s Note [2]: In the current version of the running CR, it is assumed that this MAC CE reports confirmation of type 2 configured grants.
Actually, this issue also exists when single CG configuration per cell is supported in Rel-15. There is no confirmation MAC CE for type 1 CG in Rel-15. On the other hand, UE feedbacks to the network with RRC signaling, i.e. RRC complete message, as confirmation of the successful configuration of type 1 CG. We think nothing is special in Rel-16 and it is not necessary to send confirmation MAC CE for type 1 CG in Rel-16 IIoT.
Proposal 10: Confirmation MAC CE is not used for confirmation of type 1 CG in Rel-16 IIoT.
3. Conclusion

This contribution discusses the open issues of multiple CG configurations. And we provide observation and proposals below:
Proposal 1: Multiple Entry CG Confirmation MAC CE is used as soon as configuredGrantConfigList-r16 is configured in the active UL BWP, otherwise legacy Configured Grant Confirmation MAC CE is used.
Proposal 2: The Multiple Entry Configured Grant Confirmation MAC CE is generated when uplink resource is allocated for new transmission (as in legacy).
Proposal 3: The maximum number of configured grant configurations supported per MAC entity is 64.
Proposal 4: It is sufficient that the maximum length of the IE AllowedList is 63
Proposal 5: Flexible size is supported for Multiple Entry Configured Grant Confirmation MAC CE.
Proposal 6: LCH configured with allowedCG-List is allowed on dynamic grant.
Proposal 7: CG type 1 can be configured both on UL and SUL.
Proposal 8: The configurations of CG type 1 on UL and SUL can be different.
Proposal 9: The Multiple Entry CG Confirmation MAC CE has the same priority as that of Single Entry CG Confirmation MAC CE.
Proposal 10: Confirmation MAC CE is not used for confirmation of type 1 CG in Rel-16 IIoT.
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