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1. Introduction
In release 18 MIMO, 8Tx has been introduced by RAN1. However, no corresponding changes have been made in TS 38.321. In this contribution, we provide draft text proposal for the MAC specification.
2. Discussion 
In NR release 18, 8Tx UL was introduced for MIMO. According to current PHY and RRC, the maxRank and maxMIMO-Layers could be configured above 4 (up to 8), which indicates the maximum MIMO layer to be used for PUSCH. Based on the configuration, there could be up to two code words for PUSCH. That is to say, the UE could transmit up to two TBs at a same timing. Currently, as captured in TS 38.300 [1], the UE supports two code words for 5-8 layer transmissions for both DL and UL. However, the corresponding UL behaviour has not been added in TS 38.321, which currently supports only one TB per HARQ process.
	[bookmark: _Toc20387906][bookmark: _Toc29375985][bookmark: _Toc37231855][bookmark: _Toc46501910][bookmark: _Toc51971258][bookmark: _Toc52551241][bookmark: _Toc163029933]5.2.1	Downlink transmission scheme
Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Channel (PDSCH). Up to 8, 12, 16 and 24 orthogonal DL DMRS ports are supported for type 1, type 2, enhanced type 1, and enhanced type 2 DMRS respectively. Up to 8 orthogonal DL DMRS ports per UE are supported for SU-MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO. The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.
…
[bookmark: _Toc163029945]5.3.1	Uplink transmission scheme
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.
For codebook based transmission, the gNB provides the UE with a transmit precoding matrix indication in the DCI. The UE uses the indication to select the PUSCH transmit precoder from the codebook. For non-codebook based transmission, the UE determines its PUSCH precoder based on wideband SRI field from the DCI.
DMRS based spatial multiplexing is supported for PUSCH. Up to 8, 12, 16, and 24 orthogonal UL DMRS ports are supported for type 1, type 2, enhanced type 1, and enhanced type 2 DMRS respectively. For a given UE, up to 4 or up to 8 layer transmissions are supported. The number of code words is one for 1 to 4 layer transmission and two for 5 to 8 layer transmission. When transform precoding is used, only a single MIMO layer transmission is supported.
…
[bookmark: _Toc20387936][bookmark: _Toc29376015][bookmark: _Toc37231900][bookmark: _Toc46501955][bookmark: _Toc51971303][bookmark: _Toc52551286][bookmark: _Toc163029980]6.2.4	HARQ
The HARQ functionality ensures delivery between peer entities at Layer 1. A single HARQ process supports one TB when the physical layer is not configured for downlink/uplink spatial multiplexing, and when the physical layer is configured for downlink/uplink spatial multiplexing, a single HARQ process supports one or multiple TBs.


Observation: 8Tx which supports up to two TBs for a PUSCH has been introduced in PHY, RRC and stage 2 specifications but no corresponding changes have been made in MAC specification.
It is suggested to update UL-SCH data transfer in MAC spec corresponding to above description in stage 2. The text proposal is provided in annex on top of current MAC spec [2] based on NR DL spatial multiplexing and LTE UL spatial multiplexing.
Proposal: RAN2 considers to take the TPs in annex as a starting point for TS 38.321.

3. Conclusion
In this contribution, we have following observation and proposal:
Observation: 8Tx which supports up to two TBs for a PUSCH has been introduced in PHY, RRC and stage 2 specifications but no corresponding changes have been made in MAC specification.
Proposal: RAN2 considers to take the TPs in annex as a starting point for TS 38.321.
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5. Annex: Text proposal for TS 38.321

5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers. When maxRank or maxMIMO-Layers (as specified in TS 38.214 [7]) is more than 4, the MAC layer can receive up to two uplink grants on the same HARQ process from lower layers. An uplink grant addressed to CS-RNTI with NDI = 0 is considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.
…
[bookmark: _Toc29239835][bookmark: _Toc37296194][bookmark: _Toc46490320][bookmark: _Toc52752015][bookmark: _Toc52796477][bookmark: _Toc163044304]5.4.2	HARQ operation
[bookmark: _Toc29239836][bookmark: _Toc37296195][bookmark: _Toc46490321][bookmark: _Toc52752016][bookmark: _Toc52796478][bookmark: _Toc163044305]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one or two TBs.
Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RA Response or for UL transmission for MSGA payload, HARQ process identifier 0 is used.
…
[bookmark: _Toc29239837][bookmark: _Toc37296196][bookmark: _Toc46490322][bookmark: _Toc52752017][bookmark: _Toc52796479][bookmark: _Toc163044306]5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer. When a transmission takes place for the HARQ process, one or two uplink grants and the associated HARQ information are received from the HARQ entity.
…
If the HARQ entity requests a new transmission for a TB, the HARQ process shall:
1>	store the MAC PDU in the associated HARQ buffer;
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.
If the HARQ entity requests a retransmission for a TB, the HARQ process shall:
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.
To generate a transmission for a TB, the HARQ process shall:
1>	if the MAC PDU was obtained from the Msg3 buffer; or
1>	if the MAC PDU was obtained from the MSGA buffer; or
1>	if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer or the MSGA buffer:
2>	if there are neither NR sidelink transmission nor transmission of V2X sidelink communication at the time of the transmission; or
2>	if the transmission of the MAC PDU is prioritized over sidelink transmission or can be simultaneously performed with sidelink transmission:
3>	instruct the physical layer to generate a transmission according to the stored uplink grant.
…
[bookmark: _Toc46490323][bookmark: _Toc52752018][bookmark: _Toc52796480][bookmark: _Toc163044307]5.4.3	Multiplexing and assembly
[bookmark: _Toc29239839][bookmark: _Toc37296198][bookmark: _Toc46490324][bookmark: _Toc52752019][bookmark: _Toc52796481][bookmark: _Toc163044308]5.4.3.1	Logical Channel Prioritization
[bookmark: _Toc29239842][bookmark: _Toc37296201][bookmark: _Toc46490327][bookmark: _Toc52752022][bookmark: _Toc52796484][bookmark: _Toc163044311]5.4.3.1.3	Allocation of resources
…
The MAC entity shall:
1>	if the MAC entity is configured with enhancedSkipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or if the MAC entity is configured with enhancedSkipUplinkTxConfigured with value true and the grant indicated to the HARQ entity is a configured uplink grant:
2>	if there is no UCI to be multiplexed on this PUSCH transmission as specified in TS 38.213 [6]; and
2>	if there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
2>	if the MAC PDU includes zero MAC SDUs; and
2>	if the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR:
3>	not generate a MAC PDU for the HARQ entity.
1>	else if the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant:
2>	if there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
2>	if the MAC PDU includes zero MAC SDUs; and
2>	if the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR:
3>	not generate a MAC PDU for the HARQ entity.
NOTE 1a:	If at least one MAC PDU is to be generated for the HARQ process, the MAC entity generates MAC PDUs corresponding to all UL grants indicated to the HARQ process.
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