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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The RAN1 leading features were discussed during RAN1#104e, in which agreements on reduced maximum UE bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers, relaxed maximum modulation order, and duplex operation, were reached [2]. Later in RAN#91e, it was determined that 1 Rx is supported in the legacy 4 Rx bands [3].
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.


Further, in RAN1#104bis-e, several agreements related to report of number of Rx branches were made [4]. In this contribution, we provide our views on the aspects related to the reduced number of Rx branches, based on the agreements so far.

Discussion
Reporting the number of Rx branches
In RAN1#104bis-e, it has been agreed that the existing capability report framework is used to indicate the number of Rx branches, and FFS whether/how to support earlier indication of number of Rx branches during RACH procedure [4]. 
	Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 


When using the existing capability report framework, it is FFS whether the number of Rx branches will be indicated implicitly or explicitly. For the explicit report, the RedCap UE shall report a parameter denoting its number of Rx branches. For the implicit report, the RedCap UE shall report a parameter that not denoting its number of Rx branches, but from which the gNB can deduce the number of Rx branches of the RedCap UE. From technical point of view, both explicit and implicit reports are workable.
Observation 1: For capability report framework to indicate the number of Rx branches, either explicit or implicit report is workable.
A possible implicit parameter that can be reused to denote the number of Rx branches is the maximum number of DL MIMO layers, i.e. the maxNumberMIMO-LayersPDSCH in FG2-3 in TR 38.822. Specifically, the note of maxNumberMIMO-LayersPDSCH recites:
	For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. 
Some relaxations to this requirement may be applicable in the future (including in Rel-15).
Mandatory in all cases means mandatory with capability signalling. 
It is not expected that there is a signalling change (i.e. signalling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.


From the above statement, it can be seen that the number of Rx branches is tightly coupled with the maximum number of DL MIMO layers. From simplicity point of view, current parameters should be reused as much as possible, to avoid unnecessary change to the specification. Therefore, implicit report seems simpler than explicit report.
On the other hand, if a parameter explicitly denotes the number of Rx branches (e.g. numberRxBranches) is reported, and the value of numberRxBranches can be larger than the value of maxNumberMIMO-LayersPDSCH, it will be difficult for RAN4 or RAN5 to test such case. To be more specific, it is difficult to design a test case to distinguish “Rx=2 and layer=1” UE and “Rx=1 and layer=1” UE. The decoding performance of a UE equipping with 1 sensitive Rx branch may be similar to that of a UE equipping with 2 less sensitive Rx branches. 
In addition, for the purpose of gNB scheduling, the maximum number of DL MIMO layers seems to be more important and practical than the number of Rx branches.
Based on the above discussion, we prefer implicit report by reusing current parameters during the capability report.
Proposal 1: Support implicit report to indicate the number of Rx branches.
· Reusing maxNumberMIMO-LayersPDSCH to denote the number of Rx branches.
Whether to support earlier indication of Redcap UEs with number of Rx branches is still an open issue. It was argued that the gNB can schedule Msg2/Msg4 more properly with the information of number of Rx of the RedCap UE. But in our view, such motivation is not essential. We prefer reusing current capability report framework, due to the following reasons:
· According to the SI outcome [5], with the typical DL PSD 33 dBm/MHz, there is no DL coverage compensation demand for Msg2 or Msg4, for either 2 Rx or 1 Rx RedCap UE. Different treatment to 2 Rx and 1 Rx UE regarding to Msg2/Msg4 transmission is unnecessary, and thus no need to identify the number of Rx branches during initial access.
· Before the UE capability report and the subsequent UE-dedicated RRC configuration, only 1 layer transmission is allowed, regardless of the maximum number of the DL MIMO layers (indirectly determined by the number of Rx branches). Therefore, early identification of number of Rx branches does not help to improve the DL spectrum efficiency.
· Even if the DL spectrum efficiency can be improved a bit by potential early identification of number of Rx branches (which is still small to our understanding), the duration when potential benefit can be achieved is short compared to the RRC_CONNECTED period, and the channels which can benefit from the early identification are limited. The overall foreseen gain, if any, is marginal.
· Current RACH resources are already divided by many usages, e.g. 4-step RACH and 2-step RACH, contention free and contention based RACH, RedCap UE identification, CE (coverage enhancement) capable UE identification, etc. Further division by number of Rx branches is not desired.
As can be seen from the above analyses, there is no need to identify number of Rx branches during the initial access. The most important target for RACH procedure is to guarantee the successful access, rather than improve the SE. We prefer not to identify number of Rx branches during the initial access.
Proposal 2: Early identification of number of Rx branches for RedCap UE during initial access is not supported.

Potential solutions for PDCCH blocking issue
Several solutions were proposed to tackle the potential PDCCH blocking issue in RAN1#104bis-e. However, it was also argued that there is no serious PDCCH blocking issue based on the previous study during the SI phase. According to the current WID, solution to PDCCH blocking issue is more or less out-of-scope.
As a result, it was agree to reuse the existing DCI formats 0_x/1_x, with the attempt to reuse current compact DCI to compensate the coverage loss and thus alleviating the potential PDCCH blocking problem [4]: 
	Agreements:
· Reuse at least the existing DCI formats 0_x/1_x (including Rel-16 DCI format 0_2/1_2) applicable to Redcap devices as a starting point.  
· FFS Whether and how potential modification on fields of existing DCI formats is considered to reduce PDCCH block issue, if any.
· FFS: Which DCI formats are mandatory for the RedCap UEs to support.


For DCI formats 0_0/1_0, they are fallback DCIs supporting basic scheduling, and have been designed with relative small payload size already. In principle, the fields of existing DCI formats 0_0/1_0 should not be modified. For DCI formats 0_1/1_1 and DCI formats 0_2/1_2, additional fields are included based on the RRC configuration. However, these DCI formats are also flexible enough to accommodate the need for RedCap UE. For example, if carrier aggregation is not configured, the number of bits of Carrier indicator field is 0 automatically. For another example, the length of frequency domain resource allocation (FDRA) field will be reduced if a smaller bandwidth is configured for a BWP. Especially for DCI formats 0_2/1_2, most of the bit widths of the fields are variable according to the detailed configuration. 
Observation 2: The current DCI formats are already flexible enough to accommodate the need of RedCap UE.
Hence, we do not see strong motivation to modify the fields of existing DCI formats, and have the following proposal:
Proposal 3: Modification on fields of existing DCI formats is not considered.
Another open issue is which DCI formats are mandatory for the RedCap UEs. Though DCI formats 0_2/1_2 are more flexible than DCI formats 0_0/1_0, we believe DCI formats 0_0/1_0 should be the mandatory DCI formats by default, due to the following reasons:
· Early identification of RedCap UE is configurable by the operator. If the operators choose no early identification, the gNB does not know the UE type during initial access. In this case, the gNB cannot determine correct DCI formats for a UE if the default DCI formats for RedCap UE and non-RedCap UE are different.
· DCI formats 0_0/1_0 are default formats and do not rely on UE dedicated RRC parameters. For the cases of Msg2/3/4 scheduling without dedicate RRC parameter, only DCI formats 0_0/1_0 can be used.
· Other DCI formats are based on dedicated UE RRC parameters. When RRC parameters are reconfigured, there will be an ambiguity period that the gNB cannot assume the RRC parameter is activated or not. During this period, only fallback DCI formats (i.e. DCI formats 0_0/1_0) can be used.
So regarding to the mandatory DCI formats, we have the following proposal:
[bookmark: _GoBack]Proposal 4: DCI formats 0_0/1_0 are mandatory for RedCap UEs.
For DCI formats 0_1/1_1, they are also mandatory for non-RedCap UE. Meanwhile, DCI formats 0_2/1_2 are optional for non-RedCap UE but may have advantage in terms of DCI size. These two kinds of DCIs are UE-dedicated DCIs and can facilitate the efficient scheduling based on the UE capability. However, it is unnecessary for RedCap UE to mandatorily support DCI formats 0_1/1_1 and DCI formats 0_2/1_2 at the same time. We suggest to down-select one of these two kinds of DCI formats as mandatory, and the other one is optional to RedCap UEs.
Proposal 5: In addition to DCI formats 0_0/1_0, down-select one of the DCI formats as the mandatory DCI formats from the following options:
· DCI formats 0_1/1_1.
· DCI formats 0_2/1_2.

Conclusion
In this contribution, we provide our view on the aspects related to the reduced number of Rx branches. The observations and proposals are summarized as follows:
Observation 1: For capability report framework to indicate the number of Rx branches, either explicit or implicit report is workable.
Observation 2: The current DCI formats are already flexible enough to accommodate the need of RedCap UE.
Proposal 1: Support implicit report to indicate the number of Rx branches.
· Reusing maxNumberMIMO-LayersPDSCH to denote the number of Rx branches.
Proposal 2: Early identification of number of Rx branches for RedCap UE during initial access is not supported.
Proposal 3: Modification on fields of existing DCI formats is not considered.
Proposal 4: DCI formats 0_0/1_0 are mandatory for RedCap UEs.
Proposal 5: In addition to DCI formats 0_0/1_0, down-select one of the DCI formats as the mandatory DCI formats from the following options:
· DCI formats 0_1/1_1.
· DCI formats 0_2/1_2.
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