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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#94-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was approved. There are seven objectives in the new WID. The third objectives in [1] are:
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS


In this contribution, we present our views on increasing the number of orthogonal DM-RS ports and its corresponding indexing and DCI indication.

NR Legacy (up to Rel.17) DM-RS port configuration
[bookmark: _Ref52454871]All downlink and uplink transmissions in 5G NR are based on DM-RS (demodulation reference signal). The DM-RS design needs to consider different scenarios and various and sometimes conflicting requirements. In MIMO transmissions, each DM-RS port is used to carry DM-RS used for channel estimation for demodulation of the corresponding data layer transmitted on the same port. It is desirable to have large number of orthogonal DM-RS ports and its multiplexing scheme(s) with relatively small DM-RS overhead while ensuring good demodulation performance to support the large number of data layers for massive MIMO transmissions.
In Rel.17, for DM-RS time and frequency pattern in the grid of sub-carriers (in frequency domain) and OFDM symbols (in time domain), 2 types (Type-1 and Type-2) configurations are introduced in NR. For DM-RS Type-1 configuration, comb of every other sub-carrier in frequency and a cyclic shift in time is allocated to a DM-RS antenna port. With 2 combs and 2 cyclic shifts, 4 orthogonal DM-RS ports are supported when 1 OFDM symbol is configured (Figure 1). When 2 OFDM symbols are configured, time domain OCC of size 2 is further used to generate orthogonal DM-RS ports which gives total 8 orthogonal ports (Figure 2). 


[bookmark: _Hlk101181976]Figure 1 Rel.17 DM-RS Type-1 configuration for 1 OFDM symbol


Figure 2 Rel.17 DM-RS Type-1 configuration for 2 OFDM symbols
For DM-RS Type-2 configuration, frequency domain OCC of size 2 over adjacent 2 REs and FDM are used to support 6 orthogonal DM-RS ports when 1 OFDM symbol is configured (Figure 3). When 2 OFDM symbols are configured, time domain OCC of size 2 is further used to generate orthogonal DM-RS ports which gives total 12 orthogonal ports (Figure 4). With more orthogonal ports, type-2 configuration can potentially provide high system throughput for massive MIMO where larger number of data streams of MU-MIMO is desired. Both types of DM-RS configurations are configurable for downlink and for uplink.


Figure 3 Rel.17 DM-RS Type-2 configuration for 1 OFDM symbol


Figure 4 Rel.17 DM-RS Type-2 configuration for 2 OFDM symbols
To achieve high spectrum efficiency, MIMO transmission and reception must adapt dynamically to channel conditions, UE distribution, data traffic, etc. This implies that the number of MIMO layers and the occupied DM-RS ports for the paired UEs vary with time (from transmission to transmission) and frequency (from RBG to RBG). More transmission layers may provide higher throughput at the cost of DM-RS overhead. In NR legacy, in addition to the DM-RS ports used for data transmission of the intended UE, DCI also indicate the number of DM-RS CDM group(s) that are without data mapped to their corresponding REs (Resource Elements). These DM-RS CDM groups include of course the CDM group(s) of the UE’s DM-RS ports, and in addition, it can include CDM group(s) that may be for other UEs’ DM-RS ports. Therefore, this signal can be used to indicate multi-user (MU) MIMO transmission and dynamically adjust the associated overhead.
Many antennas are deployed in NR networks while a relatively small number of antennas are at the handsets, therefore MU-MIMO is critical to really take advantages of the spatial dimension of the multi-antenna system for high spectrum efficiency. To support even larger number of layers of MU-MIMO transmissions, it is desirable to increase the number of orthogonal DM-RS ports without increasing the associated overhead. To increase the number of DM-RS ports based on current NR DM-RS configurations, the simplest way is to just double the maximum number of orthogonal DM-RS ports for both 1 and 2 OFDM symbol(s) configurations and both Type-1 and Type-2 of DM-RS configurations. For example, for type-1 DM-RS, 8 orthogonal ports for 1 OFDM symbol configuration and 16 orthogonal ports for 2 OFDM symbols configuration are maximumly supported. For type-2 DM-RS, 12 orthogonal ports for 1 OFDM symbol configuration and 24 orthogonal ports for 2 OFDM symbols configuration are maximumly supported. This way, Rel.17 DM-RS configurations could be maximumly preserved and reused, and the efforts for additional port(s) configuration and signaling indications could be minimized.
Proposal 1: Support doubling the maximum number of orthogonal DM-RS ports for both 1 and 2 OFDM symbol(s) configurations and both Type-1 and Type-2 of DM-RS configurations.

Doubling the maximum number of orthogonal DMRS ports for Type-1 configuration 
To simply double the maximum number of orthogonal DM-RS ports for Type-1 configuration, two schemes may be considered. For scheme 1, the number of combs in the frequency domain is kept to 2 and the number of cyclic shifts in time domain is doubled. Doubling the number of cyclic shifts in time domain can be achieved through applying more OCC patterns in the frequency domain, i.e., introducing 2 new OCC patterns. The 2 new OCC patterns, together with the 2 legacy patterns, form 4 orthogonal DM-RS ports for each comb. For 1 OFDM symbol configuration, with 4 patterns on each of the 2 combs, it gives 8 total orthogonal DM-RS ports (Figure 5). For 2 OFDM symbols configuration, the same time domain OCC of size 2 is reused to double the orthogonal DM-RS ports, it gives total 16 orthogonal DM-RS ports (Figure 6). The number of CDM groups remains to be the same as NR legacy Type-1 DM-RS configuration. Note that in Figures 5 and 6, the pattern for each orthogonal port is plotted over 2 resource blocks since the patterns repeat every 2 resource blocks, though the actual scheduled resource blocks for DM-RS transmission are not necessarily multiple of 2.


Figure 5 Scheme 1 doubled DM-RS Type-1 configuration for 1 OFDM symbol


Figure 6 Scheme 1 doubled DM-RS Type-1 configuration for 2 OFDM symbols

For scheme 2, the number of combs in the frequency domain is doubled from 2 to 4 and the number of cyclic shifts in time domain is kept to 2. Doubling the number of combs in frequency domain reduces the DM-RS RE density by half. Each comb carries 2 orthogonal DM-RS ports by frequency domain OCC patterns, together 4 combs give 8 orthogonal DM-RS ports for 1 OFDM symbol configuration (Figure 7). For 2 OFDM symbols configuration, the same time domain OCC of size 2 is reused to double the orthogonal DM-RS ports, and it gives total 16 orthogonal DM-RS ports (Figure 8). In scheme 2, the number of CDM groups is also doubled as compared to NR legacy Type-1 DM-RS configuration.


Figure 7 Scheme 2 doubled DM-RS Type-1 configuration for 1 OFDM symbol


Figure 8 Scheme 2 doubled DM-RS Type-1 configuration for 2 OFDM symbols
Either scheme could fulfill the objective of doubling the number of orthogonal DM-RS ports without increasing DM-RS resource overhead. While for scheme 1, the time duration of cyclic shifts in time domain to accommodate UE channel impulse response are halved. In case of MU-MIMO of several UEs with long path propagation delays, mutual interference from the channel impulse response between the cyclic shifts may cause extra DM-RS channel estimation errors and hence degrade system MU-MIMO performance. For scheme 2, the effective time window duration without overlap for each comb is halved, so for UE with long path propagation delays, extra DM-RS channel estimation errors may degrade system performance as a result of impulse response partial overlap and interference. 
Proposal 2: Consider doubling either time domain cyclic shifts or frequency domain combs to double the maximum number of orthogonal DM-RS ports for Type-1 configuration.  

Doubling the maximum number of orthogonal DM-RS ports for Type-2 configuration
To simply double the maximum number of orthogonal DM-RS ports for type-2 configuration, the 6 pairs of adjacent 2 REs in the resource block are all used to support different orthogonal ports. Doubling the number of RE pairs carrying distinct DM-RS ports in frequency domain from 3 to 6 reduce the DM-RS RE density by half. With frequency domain OCC of size 2 over the pair of adjacent REs and 6 FDM pairs, 12 orthogonal DM-RS ports could be supported for 1 OFDM symbol configuration (Figure 9). For 2 OFDM symbols configuration, the same legacy time domain OCC of size 2 is used to double the orthogonal DM-RS ports, it gives total 24 orthogonal DM-RS ports (Figure 10). Note that the number of CDM groups is also doubled as compared to NR legacy Type-2 DM-RS configuration.


Figure 9 Doubled DM-RS Type-2 configuration for 1 OFDM symbol


Figure 10 Doubled DM-RS Type-2 configuration for 2 OFDM symbols
Proposal 3: Consider doubling the number of frequency domain size 2 RE pairs carrying distinct DM-RS ports from 3 to 6 to double the maximum number of orthogonal DM-RS ports for Type-2 configuration.

DM-RS port(s) indexing and DCI indication
In NR legacy to achieve good tradeoff between the MU-MIMO performance and overhead associated with the potentially large number of layers for the UEs, explicit indication of DM-RS antennas ports utilized for multiple UEs is supported. DCI message, e.g., Format 1-1, is used to indicate to UE of the scheduling number of DM-RS ports, each DM-RS port index and CDM groups of co-scheduling UE for MU-MIMO transmission. Detailed DM-RS port(s) indexing, mapping and co-scheduling CDM group(s) could be obtained by reading the entry, corresponding to the antenna port(s) bits value in DCI message, from the lookup tables, i.e., Table 7.3.1.2.2-1 and Table 7.3.1.2.2-1A for Type-1 1 OFDM symbol configuration, Table 7.3.1.2.2-2 and Table 7.3.1.2.2-2A for Type-1 2 OFDM symbols configuration, Table 7.3.1.2.2-3 and Table 7.3.1.2.2-3A for Type-2 1 OFDM symbol configuration and Table 7.3.1.2.2-4 and Table 7.3.1.2.2-4A for Type-2 2 OFDM symbol configuration. 
As mentioned above, reducing either the DM-RS density in frequency domain or cyclic shift duration in time domain may cause MU-MIMO performance degradation for UEs in certain channel conditions, e.g., long path propagation delay. Reducing DM-RS resource overhead for each port may be also prone to poorer DM-RS channel estimation because of lower effective operating SINR. Thus, it is desirable for UE have the choice to operate under legacy DM-RS port(s) configuration, indexing, mapping, and indicating.  
Proposal 4: Support UE to operate under legacy mode, i.e., DM-RS port(s) configuration, indexing, mapping, and indicating.
For UE under favorable conditions, e.g., short path propagation delay and high SINR, network enabling UEs to operate with additional orthogonal DM-RS ports could greatly improve system MU-MIMO spectrum efficiency. For network flexible scheduling, it is also desirable for network having the capability to co-schedule MU-MIMO UEs with mixed operating modes. 
Proposal 5: Support UE to operate under additional DM-RS ports mode to improve system MU-MIMO performance.
Proposal 6: Support scheduling MU-MIMO transmissions of UEs operating in different modes (e.g., legacy mode and additional DM-RS ports mode).  
With the number of maximum orthogonal DM-RS ports doubled, the ports combination, signaling indications and message mapping grow substantially. Since the use case of additional orthogonal DM-RS ports is solely for MU-MIMO transmission and NR legacy designs on ports combination, signaling indication and message mapping are satisfactorily, it is very desirable to leverage the legacy design as much as possible and make as few necessary modifications as possible to minimize standard efforts to enjoy the performance enhancement brought by additional orthogonal DM-RS ports. 
Proposal 7: Based on legacy designs of DM-RS ports combination, signaling indication and message mapping, make as few necessary modifications for additional orthogonal DM-RS ports as possible to minimize standard efforts.

Conclusions
In this contribution, we present our views on increasing the number of orthogonal DM-RS ports without increasing the DM-RS overhead. Based on the discussions in the previous sections we the following proposals: 
Proposal 1: Support doubling the maximum number of orthogonal DM-RS ports for both 1 and 2 OFDM symbol(s) configurations and both Type-1 and Type-2 of DM-RS configurations.
Proposal 2: Consider doubling either time domain cyclic shifts or frequency domain combs to double the maximum number of orthogonal DM-RS ports for Type-1 configuration.
Proposal 3: Consider doubling the number of frequency domain size 2 RE pairs carrying distinct DM-RS ports from 3 to 6 to double the maximum number of orthogonal DM-RS ports for Type-2 configuration.
Proposal 4: Support UE to operate under legacy mode, i.e., DM-RS port(s) configuration, indexing, mapping, and indicating.
Proposal 5: Support UE to operate under additional DM-RS ports mode to improve system MU-MIMO performance.
Proposal 6: Support scheduling MU-MIMO transmissions of UEs operating in different modes (e.g., legacy mode and additional DM-RS ports mode).
Proposal 7: Based on legacy designs of DM-RS ports combination, signaling indication and message mapping, make as few necessary modifications for additional orthogonal DM-RS ports as possible to minimize standard efforts. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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